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HYBRID DRIVE DEVICE AND AUTOMOBILE
MOUNTED WITH DEVICE

The disclosure of Japanese Patent Application No. 2003-
189119 filed on Jun. 30, 2003 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

TECHNICAL FIELD

The present invention relates to a vehicular hybrid driving
unit and a vehicle carrying the same and more specifically to
a layout of two electric motors, a power splitting planetary
gear and a transmission disposed within a casing member.

BACKGROUND ART

Hitherto, there has been known a so-called mechanical
power splitting (split type or two-motor type) hybrid driving,
unit, to be mounted to a vehicle, 1n which an engine, a gen-
erator and a drniving (assist) electric motor are connected
respectively to three elements of a planetary gear, the driving,
clectric motor 1s coupled with an output shatt, output torque
of the above-mentioned planetary gear unit 1s continuously
controlled through control of the generator, and torque of the
other driving electric motor 1s combined with the output
torque of the planetary gear to be outputted to the output shaft
as necessary.

The hybrid driving unit described above 1s disclosed, for
instance, 1n Japanese Patent Laid-Open No. Hei1. 08-183347
as a unit for an FF (front-engine and front-drive) type vehicle
and 1n Japanese Patent Laid-Open No. 2002-225578 as a unit
provided with a transmission between an electric motor and
an output shaft.

By the way, the position and direction of the hybrid driving,
unit to be mounted will totally differ from those of the FF type
vehicle 1n mounting such unit to an FR (front-engine and
rear-drive) vehicle.

That1s, as for the hybrid driving unit for the FF type vehicle
described above, an engine 1s transversely mounted (so that
its crank shatt faces 1n the transverse direction of the body)
and the hybrid driving unit 1s coupled with one end of the
engine so that the longitudinal direction (the direction along
its 1nput and output shafts) of a casing member thereot faces
to the transverse direction of the body. These engine and
hybrid driving unit are stored in an engine room generally
provided 1n the front part of the body. Meanwhile, as for the
hybrid driving unit for the FR type vehicle, an engine 1s
mounted longitudinally (so that a crank shaft faces in the
longitudinal direction of the body) within an engine room and
the hybrid driving unit 1s mounted to the rear end thereof so
that the longitudinal direction of the casing member faces in
the longitudinal direction of the body. Theretfore, the hybrid
driving unit 1s generally disposed under a compartment
between a driver’s seat and an assistant driver’s seat in the
longitudinal direction. Accordingly, concerning to its posi-
tion, direction and mountability, the hybrid driving unit for
the FR-type vehicle 1s restricted considerably as compared to
those of the FF-type. Still more, because the position where it
1s mounted 1s close to the compartment as described above, 1t
1s strongly desired to reduce 1ts vibration.

DISCLOSURE OF INVENTION

Accordingly, 1t 1s an object of the invention to provide a
hybrid driving unit, and a vehicle carrying the same, whose
vibration 1s reduced, thus solving the aforementioned prob-
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lem, by disposing one electric motor (among two electric
motors) which 1s a heavy device 1n the hybnd driving unit in
the rearmost part o the casing member, by fixing the front end
of the casing member to an internal combustion engine and by
mounting the rear end of the casing member to the body.

According to a first aspect of the invention (see FIGS. 2 and
3 for example), a hybrid driving unit (7A) comprises:

an 1mput shatt (10) for inputting motive power from an
internal combustion engine;

an output shaft (12) disposed on an axis (13) in line with the
input shaft (10) and interlocking with driving wheels (3);

a first electric motor (20) disposed on the axis (13) and
having a stator (24) and a rotor (25);

a power splitting planetary gear (21) disposed on the axis
(13) and having a first rotary element (R0) coupled with the
input shaft (10), a second rotary element (S0) coupled with
the rotor (235) of the first electric motor (20) and a third rotary
clement (CRO0) coupled with the output shait (12);

a second electric motor (23) disposed on the axis (13) and
having a stator (28) and a rotor (29); and

a transmission (22) disposed on the axis (13) and shifting
and transmitting revolution of the rotor (29) of the second
clectric motor (23) to the output shaft (12); and

the hybrid driving umit (7A) being characterized in that:

the first electric motor (20), the power splitting planetary
gear (21), the second electric motor (23) and the transmission
(22) are stored 1n a casing member (14 ) while being disposed
in line on the axis (13);

the stators (24 and 28) of the first and second electric
motors (20 and 23) are fixed to the casing member (14);

the casing member (14) 1s provided, at the front end
thereof, with a coupling section (144) which can be fixed to
the internal combustion engine and at the rear end thereof,
with a mounting section (14¢) which can be supported by a
body (4); and

one (23) of the first and second electric motors (20 and 23)
1s disposed 1n the rearmost part among the first electric motor
(20), the power splitting planetary gear (21), the second elec-
tric motor (23) and the transmission (22) disposed in the
casing member (14) along the axis (13).

According to a second aspect of the invention (see FIGS. 2
and 3 for example), the hybrid driving unit (7A) 1s character-
1zed 1n that supporting members (D and E) extending from the
casing member (14) support the both sides of the rotor (29) of
the electric motor, among the first and second electric motors
(20 and 23), disposed 1n the rearmost end through an inter-
mediary of bearing members (r, s); and the mounting section
(14c¢) 1s provided at the position axially overlapping with the
rear supporting member (E) among the supporting members
(D and E).

According to a third aspect of the invention (see FIGS. 2
and 3 for example), ), the hybrid driving unit (7A) 1s charac-
terized in that the output shatt (12) 1s disposed through the
inner peripheral side of one of the first and second electric
motors (20, 23) and 1s supported by the rotor of the one of the
first and second electric motors (20, 23) through an interme-
diary of bearing members (J, t).

According to a fourth aspect of the invention (see FIGS. 2
and 3 for example), the hybrid driving unit (7A) 1s character-
1zed 1n that the other one (20) of the first and second electric
motors (20, 23) 1s disposed 1n the foremost part among the
first electric motor (20), the power splitting planetary gear
(21), the second electric motor (23) and the transmission (22)
disposed on the axis (13) 1n the casing member (14).

According to a {ifth aspect of the invention (see FIGS. 2
and 3 for example), the hybrid driving unit (7A) 1s character-
1zed 1n that supporting members (A and B) extending from the
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casing member (14) support the rotor (25) of the other one of
the first and second electric motors (20 and 23) through an
intermediary of bearing members (a and b), and mput shaft
(10) 1s coupled with the power splitting planetary gear (21)
through the inner peripheral side of the rotor (25) of the other
motor and 1s supported by the rotor (25) of the other motor
through an imtermediary of bearing members (c, d).

According to a sixth aspect of the mvention, the hybnd
driving unit (7A) 1s characterized in that the first electric
motor (20), the transmission (22), the power splitting plan-
ctary gear (21) and the second electric motor (23) are dis-
posed 1n order from the side closer to the internal combustion
engine.

According to a seventh aspect of the invention (see FIGS.
2 and 3 for example), the hybrid driving unit (7A) 1s charac-
terized 1n that the input shaft (10) passes through the inner
peripheral side of the first electric motor (20) and the trans-
mission (22) and 1s coupled with the first rotary element (R0),
and the output shatt (12) passes through the mner peripheral
side of the transmaission (22) and the second electric motor
(23).

According to an eighth aspect of the invention (see FIGS. 2
and 3 for example), the hybrid driving unit (7A) 1s character-
1zed 1n that the power splitting planetary gear (21) comprises
a single pinion planetary gear train, the input shatt (10) passes
through the iner peripheral side of the power splitting plan-
etary gear (21) and 1s coupled with the transmission (22) side
of a carrier (CR0) of the single pinion planetary gear train, the
output shaft (12) passes adjacent to the power splitting plan-
ctary gear (21) and the transmission (22) and 1s coupled with
a ring gear (RO) of the single pinion planetary gear train, and
the rotor (25) of the first electric motor (20) 1s coupled with a
sun gear (SO) of the single pimion planetary gear train.

According to a ninth aspect of the invention (see FIG. 4 for
example), the hybrid driving unit (7A) 1s characterized 1n that
the power splitting planetary gear (21) comprises a single
pinion planetary gear train, the mput shaft (10) passes adja-
cent to the first electric motor (20) and the power splitting
planetary gear (21) and 1s coupled with the carrier (CR0) of
the single pinmion planetary gear train on the side of the first
clectric motor (20), the output shaft (12) 1s coupled with the
sun gear (SO) ol the single pinion planetary gear, and the rotor
(25) of the first electric motor (20) 1s coupled with the ring
gear (RO) of the single pinion planetary gear.

According to a tenth aspect of the invention (see FIG. 5 for
example), the hybrid driving unit (7A) 1s characterized 1n that
the power splitting planetary gear (21) comprises a double
pinion planetary gear train, the input shatt (10) passes through
the inner peripheral side of the power splitting planetary gear
(21) and 1s coupled with the ring gear (R0) of the double
pinion planetary gear train, the output shaft (12) passes
through the outer peripheral side of the power splitting plan-
ctary gear (21) and between the rotor (25) of the first electric
motor (20) and the power splitting planetary gear (21) and 1s
coupled with the carrier (CR0) of the double pinion planetary
gear train on the first electric motor (20) side, and the rotor
(25) of the first electric motor (20) 1s coupled with the sun
gear (S0) of the double pinion planetary gear train.

According to an eleventh aspect of the imnvention (see FIG.
6 for example), the hybrid driving unit (7A) 1s characterized
in that the power splitting planetary gear (21) comprises a
double pinion planetary gear train, the input shaft (10) passes
adjacent to the first electric motor (20) and the power splitting
planetary gear (21) and 1s coupled with the ring gear (RO) of
the double pinion planetary gear train, the output shaft (12)1s
coupled with the sun gear (SO) of the double pinion planetary
gear, and the rotor (25) of the first electric motor (20) 1s
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4

coupled with the carrier (CRO0) of the double pinion planetary
gear on the transmission (22) side through the outer periph-
cral side of the power splitting planetary gear (21).

According to a twellth aspect of the invention (see FIG. 7
for example), the hybnid driving unit (7B) 1s characterized 1n
that the power splitting planetary gear (21), the first electric
motor (20), the transmission (22) and the second electric
motor (23) are disposed 1n order from the side closer to the
internal combustion engine (5).

According to a thirteenth aspect of the invention (see FIG.
7 for example), the hybrid driving unit (7B) 1s characterized in
that the output shatit (11) passes through the inner peripheral
side of the power splitting planetary gear (21), the first electric
motor (20), the transmission (22) and the second electric
motor (23).

According to a fourteenth aspect of the invention (see FIG.
7 for example), the hybrid driving unit (7B) 1s characterized in
that the power splitting planetary gear (21) comprises a single
pinion planetary gear train, the input shaft (10) 1s coupled
with the front side of the carrier (CR0) of the single pinion
planetary gear train, the output shatt (12) 1s coupled with the
sun gear (R0) of the single pinion planetary gear train, and the
rotor (25) of the first electric motor (20) 1s coupled with the
ring gear (R0) of the single pinion planetary gear train.

According to a fifteenth aspect of the invention (see F1G. 9
for example), the hybrid driving unit (7B) 1s characterized 1n
that the power splitting planetary gear (21) comprises a single
pinion planetary gear train, the input shatt (10) 1s coupled
with the carrier (CR0) of the single pinion planetary gear train
on the side of the first electric motor (20), the output shatt (12)
1s coupled with the nng gear (R0) of the single pinion plan-
ctary gear through the part between the power splitting plan-
ctary gear (21) and the first electric motor (20), and the rotor
(25) of the first electric motor (20) 1s coupled with the front
side of the carrier (CR0) of the single pinion planetary gear
through the outer peripheral side of the power splitting plan-
ctary gear (21).

According to a sixteenth aspect of the invention (see FIG.
10 for example), the hybrid driving unit (7B) 1s characterized
in that the power splitting planetary gear (21) comprises a
double pinion planetary gear train, the mput shaft (10) 1s
coupled with the ring gear (RO) of the double pinion plan-
etary gear train, the output shait (12) 1s coupled with the
carrier (CR0O) of the double pinion planetary gear train
through the part between the mput shaft (10) and the power
splitting planetary gear (21), and the rotor (25) of the first
clectric motor (20) 1s coupled with the sun gear (SO) of the
double pinion planetary gear train.

According to a seventeenth aspect of the mvention (see
FIG. 11 for example), the hybrid driving unit (7B) 1s charac-
terized 1n that the power splitting planetary gear (21) com-
prises a double pinion planetary gear train, the input shaft (10)
1s coupled with the ring gear (R0) of the double pinion plan-
ctary gear train, the output shait (12) 1s coupled with the sun
gear (S0) of the double pinion planetary gear, and the rotor
(25) of the first electric motor (20) 1s coupled with the carrier
(CRO) of the double pinion planetary gear on the rotor (25)
side of the first electric motor (20).

According to an eighteenth aspect of the invention (see
FIGS. 12 and 13 for example), the hybrid driving unit (7C) 1s
characterized 1n that the second electric motor (23), the trans-
mission (22), the power splitting planetary gear (21) and the
first electric motor (20) are disposed 1n order from the side
closer to the internal combustion engine (5).

According to an nineteenth aspect of the invention (see
FIGS. 12 and 13 for example), the hybrid driving unit (7C) 1s
characterized 1n that the input shaft (10) 1s coupled with the
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first rotary element (R0) through the inner peripheral side of
the second electric motor (23) and the transmission (22), the
output shatt (12) passes through the inner peripheral side of
the first electric motor (20) and the output element (CR1) of
the transmission (22) 1s coupled with the output shaft (12)
through the outer peripheral side of the power splitting plan-
ctary gear (21).

According to a twentieth aspect ol the invention (see FIGS.
12 and 13 for example), the hybrid driving unit (7C) 1s char-
acterized 1n that the power splitting planetary gear (21) com-
prises a double pinion planetary gear train, the input shaft (10)
passes adjacent to the transmission (22) and the power split-
ting planetary gear (21) and 1s coupled with the ring gear (RO)
ol the double pinion planetary gear train, the output shaft (12)
1s coupled with the carrier (CR0) of the double pinion plan-
ctary gear on the side of the transmission (22) through the
iner peripheral side of the power splitting planetary gear
(21), the rotor (25) of the first electric motor (20) 1s coupled
with the sun gear (SO) of the double pinion planetary gear,
and the output element (CR1) of the transmission (22) 1s
coupled with the carrier (CR0) of the double pimion planetary
gear on the transmission (22) side through the outer periph-
eral side of the power splitting planetary gear (21).

According to a 21-st aspect of the mnvention (see FIG. 14
tor example), the hybrid driving unit (7D) 1s characterized 1n
that the first electric motor (20), the transmission (22), the
power splitting planetary gear (21) and the first electric motor
(23) are disposed 1n order from the side closer to the internal
combustion engine (5).

According to a 22-nd aspect of the ivention, the hybnid
driving unit (7D) 1s characterized in that the input shaft (10)1s
coupled with the first rotary element (R0) through the mner
peripheral side of the first electric motor (20), the transmis-
sion (22) and the power splitting planetary gear (21), the
output shatt (12) passes through the inner peripheral side of
the second electric motor (23), the output element (CR1) of
the transmission (22) 1s coupled with the output shaft (12)
through the outer peripheral side of the power splitting plan-
etary gear (21), and the rotor 29 of the second electric motor
(23) 1s coupled with the input element (S1) of the transmis-
s1on (22) through the outer peripheral side of the power split-
ting planetary gear (21).

According to a 23-rd aspect of the invention (see FIG. 14
for example), the hybrid driving unit (7) 1s characterized 1n
that the power splitting planetary gear (21) comprises a
double pinion planetary gear train, the input shaft (10) passes
through the part between the power splitting planetary gear
(21) and the second electric motor (23) and 1s coupled with
the ring gear (R0) of the double pinion planetary gear train,
the output shatt (12) 1s coupled with the carrier (CRO0) of the
double pinion planetary gear on the side of the transmission
(22) through the outer peripheral side of the power splitting
planetary gear (21), the rotor (25) of the first electric motor
(20) 1s coupled with the sun gear (S0) of the double pinion
planetary gear through the mner peripheral side of the trans-
mission (22), and the output element (CR1) of the transmis-
sion (22) 1s coupled with the carrier (CR1) of the double
pinion planetary gear on the transmission (22) side.

According to a 24-th aspect of the mnvention (see FIGS. 2
through 14 for example), the hybrid driving unit (7A, 7B, 7C,
7D) 1s characterized 1n that the transmission (22) has a plan-
ctary gear (27).

According to a 25-th aspect of the mvention, the hybnd
driving unit (7A, 7B, 7C, 7D) 1s characterized in that the
transmission (22) has at least four shifting elements, the first
shifting element (51) 1s coupled with the rotor (29) of the
second electric motor (23), the second shifting element (CR1)
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1s coupled with the output shait (12) and the transmission (22)
has braking elements (B1 and B2) which are capable of fixing
the third and fourth shifting elements (R1 and S2) to the case
(14), respectively.

According to a 26-th aspect of the invention (see FIGS. 2
through 14 for example), the hybrid driving unit (7A, 7B, 7C,
7D) 1s characterized in that the planetary gear of the trans-
mission (22) comprises a Ravigneaux type planetary gear and
the carrier (CR1) of the Ravigneaux type planetary gear 1s
coupled with the output shatt (12).

According to a 27-th aspect of the invention, the hybnd
driving unit (7) 1s characterized in that one of the first and
second electric motors (20 and 23) 1s a device heavier than the
power splitting planetary gear (21) and the transmission (22).

According to a 28-th aspect of the invention (see FIG. 15
for example), the hybnid driving unit (7) 1s characterized 1n
that supporting members (D and E) extending from the casing
member (14) support the both sides of the rotor (29) of the
clectric motor (23) disposed 1n the rearmost end among the
first and second electric motors (20 and 23) through an 1nter-
mediary of bearing members (r, s) and the mounting section
(14c¢) 1s provided between the front supporting member (D)
and the rear supporting member (E).

According to the 29-th aspect of the invention (see FIG. 16
for example), the hybrid driving unit (7) 1s charaterized in that
supporting members (D and E) extending from the casing
member (14) support the both sides of the rotor (29) of the
clectric motor (23) disposed 1n the rearmost end among the
first an second electric motors (20 and 23) through an 1inter-
mediary of bearing members (r, s) and the mounting section
(14c¢) 1s provided at the position on the rearside of the rear
supporting member (D or E) among the supporting members
(D or E).

According to a 30-th aspect of the invention (see FIG. 1 for
example), a vehicle (1) comprising an internal combustion
engine (5), hybrid driving means and rear wheels (3) as driv-
ing wheels to which driving force is transmitted from the
hybrid driving means 1s characterized in that the hybrid driv-
ing means 1s the hybrid driving unit (7A, 7B, 7C, 7D)
described 1n anyone of claims 1 through 29 the invention; and
the hybnd driving unit (7A, 7B, 7C, 7D) 1s disposed such that
the 1input shaft (10) and the output shatit (12) on the axis (13)
are longitudinally disposed approximately on one and same
axial line with a propeller shaft (16) as the internal combus-
tion engine (3) 1s disposed on the front side of the body (4).

It 1s noted that the reference numerals within the parenthe-
ses described above are cited for the purpose of collating with
the drawings and do not by any means affect the composition
of the claims.

According to the first aspect of the invention, since the
coupling section at the front end of the casing member 1s
coupled with the internal combustion engine, the casing
member 1s mounted to the body through the mounting section
at the rear end thereof, and one of the first and second electric
motors which are the heavy devices 1s disposed 1n the rear-
most end among the first electric motor, the power splitting
planetary gear, the second electric motor and the transmission
disposed on the axis in the casing member, bending moment
whose mid-point 1s the mounting section may be reduced and
a distance between a mount for supporting the engine to the
body and the mounting section of the hybrid driving unit may
be prolonged. Accordingly, 1t becomes possible to suppress
vibration occurring in the casing member and to reduce vibra-
tion propagating from the casing member to the body.

According to the second aspect of the invention, the accu-
racy for supporting the rotor improves by supporting the both
ends of the rotor of the electric motor, among the first and
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second electric motors, disposed 1n the rearmost end of the
casing member by the supporting members extending from
the casing member through the intermediary of the bearing
members. Accordingly, the gap between the stator and the
rotor may be reduced and an output of the electric motor may
be 1ncreased. Still more, because the rigidity for supporting
the rotor improves by providing the mounting section at the
position axially overlapping with the rear supporting mem-
ber, it becomes possible to suppress the vibration occurring in
the casing member and to reduce the vibration propagating,
from the casing member to the body.

According to the third aspect of the invention, since the
output shaift 1s disposed through the inner periphery of one of
the first and second electric motors and the rotor of one of the
first and second electric motors 1s supported through the
bearing members, 1t becomes possible to steadily support the
output shatt by the rotor steadily supported by the supporting
members even 1f the axial length of the output shait becomes
long as 1t passes through the inner periphery of the electric
motor. Accordingly, the assurance of the rigidity of the output
shaft enables the diameter of the output shatt to be suppressed
and the diameter of the hybrid driving unit to be reduced.

According to the fourth aspect of the invention, since the
one of the first and second electric motors, which are heavy
devices, 1s disposed at the rearmost end and the other one 1s
disposed at the foremost end, 1.e., at the positions closest to
the mounting section of the hybrid driving unit and to the
mount for supporting the engine, it becomes possible to sup-
press the vibration occurring in the casing member further
and to reduce the vibration propagating from the casing mem-
ber to the body. Still more, since the diameter of the other
clectric motor may be increased, the axial length of the hybrid
driving unit may be shortened by shortening the axial length
ol the other electric motor.

According to the fifth aspect of the invention, since the
supporting members extending from the casing member sup-
port the rotor of the other one of the first and second electric
motors through an intermediary of the bearing members and
the input shait 1s coupled with the power splitting planetary
gear through the inner periphery of the rotor of the other one
and 1s supported by the rotor of the other one through the
intermediary of the bearing members, the casing member can
steadily support the input shait through the rotor of the other
one even though the input shaft extends by passing through
the inner periphery of the rotor of the other one. Accordingly,
the assurance of the rigidity of the input shaft enables its
diameter to be suppressed and the diameter of the hybnd
driving unit to be reduced.

According to the sixth to eighth aspects of the invention,
since the first electric motor, the power splitting planetary
gear, the transmission and the second electric motor are dis-
posed 1n order from the side closer to the internal combustion
engine, it becomes possible to attain the hybrid driving unit
without multiplexing axes by providing the power splitting,
planetary gear and the transmission adjacent to the first and
second electric motors, respectively, while suppressing the
vibration occurring in the casing member by providing the
second and first electric motors at the front and rear ends of
the hybrid driving unit. Accordingly, it becomes possible to
downsize the hybrid driving unait.

It 1s noted that the invention may be achieved without
complicating the disposition by coupling the first electric
motor, the power splitting planetary gear, the second electric
motor and the transmission as described in the seventh to
cleventh aspects of the invention.

According to the twelfth aspect of the invention, since the
power splitting planetary gear, the first electric motor, the
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transmission and the second electric motor are disposed in
order from the side closer to the internal combustion engine,
it becomes possible to attain the hybrid driving unit without
multiplexing axes by providing the power splitting planetary
gear and the transmission adjacent to the first and second
clectric motors, respectively, while suppressing the vibration
occurring in the casing member by providing the second
clectric motor at the rear end of the hybnd driving unit. Still
more, because only the power splitting planetary gear 1s dis-
posed on the front side of the first electric motor and the axial
length of the power splitting planetary gear 1s shorter than that
of the transmission, the first electric motor may be also
securely supported.

It 1s noted that the invention may be achieved without
complicating the disposition by coupling the first electric
motor, the power splitting planetary gear, the second electric
motor and the transmission as described in the thirteenth to
seventeenth aspects of the invention.

According to the eighteenth aspect of the invention, since
the second electric motor, the transmission, the power split-
ting planetary gear and the first electric motor are disposed in
order from the side closer to the internal combustion engine
and the second electric motor which 1s required to output a
higher output than the first electric motor may be provided at
the foremost part, 1t becomes possible to suppress the vibra-
tion occurring in the casing member by providing the first and
second electric motors at the front and rear ends of the hybnid
driving unit while shortening the axial length of the hybnd
driving unit further by increasing the diameter of the second
clectric motor.

It 1s noted that the mvention may be achieved without
complicating the disposition by coupling the first electric
motor, the power splitting planetary gear, the second electric
motor and the transmission as described 1n the nineteenth and
twentieth aspects of the invention.

According to the 21-st aspect of the invention, the vibration
occurring 1n the casing member may be suppressed by dis-
posing the first electric motor, the transmission, the power
splitting planetary gear and the second electric motor 1n order
from the side closer to the internal combustion engine.

It 1s noted that the invention may be achieved without
complicating the disposition by coupling the first electric
motor, the power splitting planetary gear, the second electric
motor and the transmission as described in the 22-nd and
23-rd aspects of the invention.

According to the 24-th aspect of the mvention, since the
transmission comprises the planetary gear and may be pro-
vided on one axis, the diameter of the hybrid driving unit may
be reduced.

According to the 25-th aspect of the invention, since the
transmission has at least four shiit elements, the first shifting
clement 1s coupled with the rotor of the second electric motor,
the second shifting element 1s coupled with the output shaft,
and the transmission has braking elements which are capable
of fixing the third and fourth shifting elements to the case,
respectively, 1t 1s possible to reduce the rotational speed of the
rotor of the second electric motor at least at two stages just by
providing the brakes. Here, when a clutch 1s used to shiit the
speeds, a hydraulic servo of the clutch 1s provided on the
center axis 1n general to supply o1l to the hydraulic servo of
the clutch and a plurality of seal rings are used to prevent
leakage of o1l among rotational members. In contrary to that,
the inventive brake requires no seal ring like the clutch and the
hydraulic servo needs not be provided on the center axis
because the hydraulic servo of the mventive brake may be
provided in the case. Accordingly, because the axial length of
the hybrid driving unit may be shortened by composing the
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two stages of shift just by the brakes, the rigidity of the case 1s
improved and the efficiency thereof may be improved through
the reduction of the seal rings.

According to the 26-th aspect of the invention, the plan-
ctary gear of the transmission comprises the Ravigneaux type
planetary gear. Because the Ravigneaux type planetary gear
allows the carriers of two planetary gears to be used 1n com-
mon, the axial length of the transmission may be shortened.
Still more, although the size of the carrier increases by com-
monly using the carriers of the two planetary gears, 1t 1s
possible to suppress vibration caused by whirling of the trans-
mission because the carrier may be securely supported by
coupling the carrier with the output shatt.

According to the 28-th aspect of the invention, since the
accuracy for supporting the rotor may improved by support-
ing the both sides of the rotor of the electric motor disposed at
the rear end, among the first and second electric motors, by
the supporting members extending from the casing member
through the intermediary of the bearing members, the gap
between the stator and the rotor may be reduced and the
output of the electric motor may be improved. Still more,
since the mounting section 1s provided between the two sup-
porting members, 1.e., at the position overlapping with the
clectric motor disposed 1n the rearmost part, and 1s located at
the position close to the center of gravity of the heavy electric
motor, 1t becomes possible to suppress the vibration of the
casing member and becomes advantageous 1n terms of reso-
nance of the power train and sound filled therein.

According to the 29-th aspect of the invention, since the
accuracy for supporting the rotor may be improved by sup-
porting both sides of the rotor of the electric motor disposed
at the rear end, among the first and second electric motors, by
the supporting members extending from the casing member
through the intermediary of the bearing members, the gap
between the stator and the rotor may be reduced and the
output of the electric motor may be improved. Still more,
since the mounting section 1s provided behind the rear sup-
porting member, itmay be set at the part ol the casing member
in which the diameter 1s small. It allows the hybrid driving
unit to be mounted to the body 1n compact.

The 30-th aspect of the mvention relates to the FR-type
vehicle carrying the mventive hybrid driving unit. Because
the imnventive vehicle 1s capable of suppressing the vibration
occurring in the hybrid driving unit and of reducing the vibra-
tion of the vehicle caused by the vibration of the hybnd
driving unit, the vibration propagating to passengers through
the body and others 1s reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a plan view diagrammatically showing an mven-
tive vehicle carrying an mventive hybrid driving unait;

FIG. 2 1s a skeleton view showing a hybrid driving unit of
a first embodiment;

FI1G. 3 1s a longitudinal section view showing the structure
of the hybnd driving unit of the first embodiment;

FI1G. 4 1s a skeleton view showing a first modification of the
hybrid driving unit of the first embodiment;

FI1G. 515 a skeleton view showing a second modification of
the hybrid driving unit of the first embodiment;

FIG. 6 1s a skeleton view showing a third modification of
the hybrid driving unit of the first embodiment;

FI1G. 7 15 a skeleton view showing a hybrid driving unit of
a second embodiment;

FIG. 8 1s a longitudinal section view showing the structure
of the hybrid driving unit of the second embodiment;
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FIG. 9 1s a skeleton view showing a first modification of the
hybrid driving unit of the second embodiment;

FIG. 10 1s a skeleton view showing a second modification
of the hybrid driving unit of the second embodiment;

FIG. 11 1s a skeleton view showing a third modification of
the hybrid driving unit of the second embodiment;

FIG. 12 1s a skeleton view showing a hybrid driving unit of
a third embodiment;

FIG. 13 1s a longitudinal section view showing the structure
of the hybrid driving unit of the third embodiment;

FIG. 14 1s a skeleton view showing a hybrid driving unit of
a fourth embodiment;

FIG. 15 1s a skeleton view showing a hybrid driving unit of
a fifth embodiment; and

FIG. 16 1s a skeleton view showing a hybrid driving unit of
a sixth embodiment.

BEST MODES FOR CARRYING OUT THE
INVENTION

Modes for carrying out the mvention will be explained
below with reference to the accompanying drawings. It 1s
noted that the same reference numerals cited throughout sev-
eral views denote the same components or effects and an
overlapped explanation thereof will be omatted.

First Embodiment

FIG. 1 shows an exemplary inventive vehicle, 1.e., a vehicle
1 carrying an inventive hybrid driving unit. The vehicle 1
shown in the figure 1s an FR (front-engine and rear-drive) type
vehicle and FIG. 1 1s a plan view diagrammatically showing
the brief structure thereof. It 1s noted that 1n an actual vehicle,
the direction indicated by an arrow F 1n the figure denotes the
front side and the direction indicated by an arrow R denotes
the rear side.

The vehicle 1 1n the figure has a body 4 supported by right
and left front wheels 2 and by right and left rear wheels 3, 1.¢.,
driving wheels. An internal combustion engine 3 1s mounted
in the front part of the body 4 through an intermediary of a
rubber mount not shown in a manner of adjusting a crankshaft
6, 1.¢., 1ts output shait, in the longitudinal direction of the
body. It 1s noted that 1n FIG. 1, the output shait comprising a
rear projection of the crankshaftt 1s shown as the crankshait 6.
A hybnid driving umit 7 1s coupled with the rear end of the
internal combustion engine 5.

The hybrid driving unit 7 has an input shaft 10 connected to
the crankshaft 6 of the internal combustion engine 5 via a
damper unit 8, a first electric motor 20, a power splitting
planetary gear 21, a transmission 22, a second electric motor
23 (see FIG. 2) and an output shait 12 for outputting driving
force. Here, the mput shaift 10 and the output shaft 12 are
disposed on one axis 13 such that the input shaift 10 comes on
the front side and the output shaft 12, on the rear side. These
input and output shafts 10 and 12 are disposed along the
longitudinal direction of the body 4 and are stored 1n a casing
member 14 which 1s lengthy in the longitudinal direction
together with the first electric motor 20, the power splitting
planetary gear 21, the transmission 22 and the second electric
motor 23 described above. It 1s noted that the hybrid driving
unmit 7 will be described 1n detail later.

The output shatt 12 of the hybrid driving unit 7 projects
from the rear end of the casing member 14 described above
and extends further 1n the rear to be coupled with a differential
umt 17 via a flexible coupling 15 and a publicly known
propeller shait 16 having a universal joint, a center bearing
and others not shown. The differential unit 17 1s coupled with
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the right and left rear wheels 3 described above via a left
driving shait 18L and a right driving shait 18R.

In the vehicle 1 constructed as described above, motive
power generated by the internal combustion engine 5 1s input-
ted to the mput shait 10 of the hybrnid driving unit 7 and 1s
outputted from the output shaft 12 after being regulated by the
first electric motor 20, the power splitting planetary gear 21,
the transmission 22 and the second electric motor 23
described later. Then, the motive power thus regulated is
transmitted to the right and left rear wheels 3, 1.¢., the driving,
wheels, via the propeller shait 16 and others.

Next, a hybrid driving unit 7A of the present embodiment
will be explained as one example of the iventive hybrid
driving unit 7 mounted to the vehicle 1 shown in FIG. 1. The
outline of the whole hybrnd driving unit 7A will be explained
at first with reference to the skeleton view 1n FIG. 2 and then
its concrete structure will be detailed with reference to FIG. 3.
It 1s noted that in these figures, the direction indicated by an
arrow F denotes the front side of the body (the internal com-
bustion engine side) and the direction indicated by an arrow R
denotes the rear side of the body (the differential unit side).

As shown 1n FIG. 2, the hybrid driving unit 7A comprises
the first electric motor 20, the transmission 22, the power
splitting planetary gear 21 and the second electric motor 23 1n
order from the side closer to the internal combustion engine 3
in FIG. 1, 1.e., 1n order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below 1n the order of the first electric motor 20
to the second electric motor 23.

The first electric motor 20 has a stator 24 fixed to the casing,
member 14 (see FI1G. 1) and a rotor 25 rotatably supported on
the mner diametric side of the stator 24 (as for the position in
the radial direction of the casing member 14, the side closer to
the center (the axis 13) will be referred to as the ‘inner dia-
metric side’ and the side further from the center will be
referred to as the ‘outer diametric side’ 1n the explanation
hereinbelow). The rotor 25 of the first electric motor 20 1s
coupled with a sun gear S0 of the power splitting planetary
gear 21 described next. The first electric motor 20 generates
clectricity based on the motive power mputted via the sun
gear S0 and drives the second electric motor 23 or charges an
HYV battery (hybrid driving battery) not shown via an inverter
not shown.

The power splitting planetary gear 21 comprises a single
pinion planetary gear train disposed coaxially with the input
shaft 10. The power splitting planetary gear 21 has a carrier
(first rotary element) CRO supporting a plurality of pinions
PO, a sun gear (second rotary element) S0 and a ring gear
(t ’nrd rotary clement) R0 each engaging with the pinions PO.
The carrier CRO of the power splitting planetary gear 21 1s
coupled with the input shaft 10, the sun gear S0 1s coupled
with the rotor 25 of the first electrlc motor 20 and the ring gear
RO 1s coupled with the output shaft 12. The power splitting
planetary gear 21 splits the motive power mputted to the
carrier CR0 via the input shait 10 to the first electric motor 20
via the sun gear S0 and to the output shait 12 via the ring gear
R0 based on the control on the revolution of the first electric
motor 20. It 1s noted that the power split to the first electric
motor 20 1s used for generating electricity and the power split
to the output shaft 12 1s used for driving the vehicle 1.

The transmission 22 has a so-called Ravigneaux type plan-
ctary gear unit 27 comprising one double pinion planetary
gear train and a single planetary gear train that uses one of
their pinions 1n common. The transmission 22 also has first

and second brakes B1 and B2.
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The planetary gear unit 27 comprises two sun gears S1 and
S2, a carrier CR1 supporting a pinion P1 and a pinion (com-
mon long pinion) P2, and a ring gear R1. Between the two
pinions P1 and P2, the pinion P1 engages with the sun gear S1
and the ring gear R1, and the pinion P2, 1.e., the common long
pinion, engages with the sun gear S2 and the pinion P1. The
ring gear R1 of the planetary gear unit 27 1s coupled with the
first brake B1 and the sun gear S2 1s coupled with the second
brake B2. As a whole, the sun gear S1, which 1s an input
member, 1s coupled with the rotor 29 of the second electric
motor 23 described next, and the carrier CR1, which 1s an
output member, 1s coupled with the output shatt 12 similarly
to the ring gear RO of the power splitting planetary gear 21
described above. This transmission 22 1s arranged so as to be
able to change two deceleration stages where reduction ratios
are different by engaging one of the first and second brakes B1
and B2 while releasing the other and by releasing the one
while engaging the other. That 1s, the transmission 22 1s
arranged so as to change the degree of the motive power
inputted from the second electric motor 23 described above

via the sun gear S1 and to transmit it to the output shait 12 via
the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the first electric motor 20, the power splitting
planetary gear 21, the transmission 22 and the second electric
motor 23 described above, 1.e., at the position furthest from
the 1internal combustion engine 3. The second electric motor
23 has a stator 28 fixed to the casing member 14 (see FIG. 1)
and a rotor 29 rotatably supported on the inner diametric side
of the stator 28. The rotor 29 of the second electric motor 23
1s coupled with a sun gear S1 of the transmission 22 described
above. Similarly to the first electric motor 20 described
above, the second electric motor 23 1s connected to the HV
battery via the mverter. However, their main functions differ
from each other. That 1s, differing from the first electric motor
20 which functions mainly for the purpose of power genera-
tion, the second electric motor 23 functions mainly as a driv-
ing motor for assisting the motive power (driving force) of the
vehicle 1. However, the second electric motor 23 also func-
tions as a generator in braking the vehicle for example by
regenerating vehicular inertia force as electrical energy.

Among the first electric motor 20, the transmaission 22, the
power splitting planetary gear 21 and the second electric
motor 23 described above, the first and second electric motors
20 and 23 are heavy devices which are heavier than the power
splitting planetary gear 21 and the transmission 22. Then, 1n
the present embodiment, the second electric motor 23, 1.e.,
one of the heavy devices, 1s disposed at the rearmost position
among the first electric motor 20, the power splitting plan-
ctary gear 21, the transmission 22 and the second electric
motor 23, 1.e., at the position furthest from the internal com-
bustion engine 5 as shown 1n FIG. 2.

it il

It1s noted that the operation and effect of the hybrid driving
unit 7A explained with reference to the skeleton view thereof
in FIG. 2 will be explained after detailing the concrete struc-
ture of the hybrid driving unit 7A with reference to FIG. 3.

FIG. 3 shows an upper half portion of the longitudinal
section view of the hybrid driving unmit 7A 1ncluding the axis
13.

The hybnid driving unit 7A shown in FIG. 3 comprises the
input shatt 10 and the output shait 12 disposed on the axis 13
and the first electric motor 20, the transmaission 22, the power
splitting planetary gear 21 and the second electric motor 23
disposed around the axis 13. All of these devices are stored
within the casing member 14 together with the input shatt 10
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and the output shaft 12, except of a part of the rear end of the
output shaft 12 projecting out of the casing member 14 to the
rear.

Taking the readiness of assembly and others 1nto account,
the casing member 14 1s divided 1nto a plurality of parts 1n the
longitudinal direction along the axis 13 and 1s formed 1n a
body by combining junctions of the respective parts. For
instance, one of the junctions H 1s located near the front part
of the second electric motor 23. Note that other junctions are
not shown 1n the figure. In the casing member 14, a plurality
of partitions, 1.e., partitions A, B, C, D and E as supporting
members, are formed at diflerent positions 1n the longitudinal
direction in order from the front side. Among these partitions
A through E, the partitions A and E are disposed near the front 5
and rear ends of the casing member 14, respectively, and the
space within the case between the partitions A and E 1s
divided 1nto four spaces by the partitions B, C and D longi-
tudinally along the axis 13. These partitions A through E act
as reinforcing members of the casing member 14 and are used 20
for retaining bearings a through v described later and for
forming hydraulic chambers 40 and 45 described later.

10

The first electric motor 20, the transmission 22, the power
splitting planetary gear 21 and the second electric motor 23
are stored within the four spaces divided by the partitions A
through E, respectively. That 1s, the first electric motor 20 1s
stored 1n the space between the partitions A and B, the power
splitting planetary gear 21 1s stored between the portions C
and D, and the second electric motor 23 1s stored between the 5

D and E, respectively. Beginning from the first electric motor
20, these devices will be explained 1n detail below.

25

The first electric motor 20 comprises a permanent magnet
synchronous motor (brushless DC motor) for example. It 1s
disposed on the outer diametric side of the mput shait 10 35
coaxially therewith. The first electric motor 20 has the stator
24 fixed to the iner peripheral face of the casing member 14
and the rotor 25 rotatably disposed on the inner diametric side
of the stator 24 apart from the stator 24 by a predetermined air
gap (G1. The rotor 25 1s formed into a cylindrical shape and 40
stages 30 and 31 are formed at the front and rear outer periph-
eral faces of the cylindrical part. The casing member 14
rotatably supports the rotor 25 through an intermediary of
bearings L and u fitted while being positioned in the longitu-
dinal direction between these stages 30 and 31 and the parti- 45
tions D and E. The sun gear S0 of the power splitting planetary
gear 21 described later 1s fixed to the rear end of the cylindri-
cal part. The rotor 25 supports the input shatt 10 through an
intermediary of bearings ¢ and d provided at the positions
axially overlapping with bearings a and b, and the sun gear S0 50
1s relatively-rotatably supported by the input shait 10 through
an mtermediary of bearings d and e fixed on the outer periph-
eral face of the mput shaft 10. A bearing ¢ 1s disposed at the
position corresponding to a gear section of the sun gear S0.
Because the rotor 25 of the first electric motor 20 1s rotatably 55
supported by the casing member 14 through the intermediary
of the bearings a and b fixed to the partitions A and B as
described above, the longitudinal and radial directions of the
rotor 25 may be assured accurately. Accordingly, even 1 a
force bending the casing member 14 in the vertical or hori- 60
zontal direction acts on the casing member 14, the predeter-
mined air gap G1 between the stator 24 and the rotor 25 may
be kept accurately. It 1s noted that the first electric motor 20 1s
connected to the HV battery via the mverter as described
above. The main function of the first electric motor 20 con- 65
structed as described above 1s to generate electric power
based on the power split to the sun gear S0 of the power

14

splitting planetary gear 21 explained next and to drive the
second electric motor 23 via the inverter or to charge the HV
battery.

The power splitting planetary gear 21 1s disposed between
the partitions B and C of the casing member 14. The power
splitting planetary gear 21 comprises the single pinion plan-
ctary gear train disposed coaxially with the input shait 10 as
described above and has the ring gear (second rotary element)
S0, the carrier (first rotary element) CRO supporting the pin-
ions PO and the sun gear (second rotary element) S0. Among
them, the sun gear S0 extends to the front and 1s fixed to the
rear end side of the rotor 25 of the first electric motor 20
described above. The carrier CRO0 1s fixed to the rear end of the
input shaft 10, 1.e., to the rear end of the input shaft 10
extending between the partitions B and C. The carrier CRO 1s
rotatably supported by bearings 1 and g fitted to the inner
diametric front and rear faces thereof. The bearing 1 15 1nter-
posed between the carrier and the rear end face of the sun gear
S0 and the bearing r 1s interposed between the carrier and a
flange portion 32 fixed on the front end side of the output shatt
12. The pinion PO supported by the carrier CRO 1s engaged
with the sun gear S0 and the ring gear R0, respectively, on the
inner and outer diametric sides. The ring gear R0 extends to
the rear and 1s fixed to the outer diametric side of the tlange
portion 32 at the front end of the output shaft 12 described
above. The mner diametric front and rear faces of the flange
portion 32 are rotatably supported by the bearing g described
above and a bearing h fixed to the inner diametric front face of
the partition C. Thus, 1n the power splitting planetary gear 21,
the carrier CR0, which 1s the mnput section, 1s {ixed to the rear
end of the input shaft 10 and the sun gear S0 and the ring gear
R0, which are the output sections (to which power 1s split), are
coupled with the rear end of the rotor 25 of the first electric
motor 20 and to the front end of the output shait 12, respec-
tively. That 1s, the power splitting planetary gear 21 1s
arranged so as to split the power of the internal combustion
engine 3 mputted to the carrier CR0 via the input shatt 10 (see
FIG. 1) to the side of the first electric motor 20 via the sun gear
S0 and to the side of the output shaft 12 via the ring gear RO.
The ratio of split of power at this time 1s decided based on the
state of revolution of the first electric motor 20. That 1s, when
the rotor 235 of the first electric motor 20 1s caused to generate
a large power, an amount of power generated by the first
clectric motor 20 increases and the power outputted to the
output shatt 12 i1s reduced to that extent. When the rotor 25 of
the first electric motor 20 1s caused to generate a small power
in contrary, an amount of power generated by the first electric
motor 20 decreases and the power outputted to the output
shaft 12 increases to that extent.

The transmission 22 1s disposed between the partitions C
and D of the casing member 14, 1.¢., approximately at the
intermediate position of the casing member 14 1n the longi-
tudinal direction (the direction along the axis 13). The trans-
mission 22 has the Ravigneaux type planetary gear unit 27
disposed on the inner diametric side and first and second
brakes B1 and B2 disposed, respectively, on the rear and front
sides on the outer diametric side thereof.

The planetary gear unit 27 has a first sun gear S1 (herein-
alter simply referred to as ‘the sun gear S17) disposed near the
outer peripheral face at the front end side of the output shatt
12, a second sun gear S2 (heremafter simply referred to as ‘the
sun gear S27) disposed on the rear side of the sun gear S1 and
slightly on the outer diametric side as compared to the sun
gear S1, the ring gear R1 disposed on the outer diametric side
of the sun gear S1, the pinion P1 engaging with the sun gear
S1 and the ring gear R1, the pinion P2 composing the com-
mon long pinion and engaging with the sun gear S2 and the
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pinion P1, and the carnier CR1 supporting these pinions P1
and P2. Beginning from the sun gear S1, these parts will be
explained below.

The sun gear S1 1s coupled with the front end of the rotor 29
ol the second electric motor 23 described later via a sleeve 33
fitted around the outer peripheral face of the front half of the
output shaft 12. This sun gear S1 1s relatively and rotatably
supported by the mput shatt 10, together with the sleeve 33,
through an intermediary of the bearings 1 and j fitted to the
outer peripheral face of the input shaft 10.

The sun gear S2 1s formed 1n a body with a flange portion
34 extending from the rear end of the sun gear S2 to the outer
diametric side along the rear carrier plate CR1a of the carrier
CR1 and with a drum portion 35 extending to the front from
the outer diametric end of the flange portion 34. The second
brake B2 described later 1s interposed between the outer
peripheral face ol this drum portion 35 and an inner peripheral
spline 14a of the iner peripheral face of the casing member
14. The sun gear S2 1s rotatably supported by bearings k and
1 fitted to the outer peripheral face of the sleeve 33 formed 1n
a body with the sun gear S1 described above and bearings m
and n fitted, respectively, to the front and rear faces on the
inner diametric side (basal end side) of the flange portion 34.
It 1s noted that the bearing m 1s interposed between the tlange
portion 34 and the inner diametric rear face of the rear carrier
plate CR1a of the carrier CR1 and the bearing n 1s interposed
between the flange portion 34 and the front face of the inner
diametric side of the partition D.

The ring gear R1 1s provided with a flange portion 36 fixed
at the forefront thereof and extending to the mner diametric
side along the front carrier plate CR15b of the carrier CR1 and
1s rotatably supported by bearings o and p fitted to the front
and rear faces on the inner diametric side of the flange portion
36. The bearing o 1s interposed between the tlange portion 36
and the mner diametric rear face of the partition C and the
bearing p 1s mterposed between the flange portion 36 and the
tront carrier plate CR1a of the carrier CR1. The first brake B
1s 1nterposed between the outer peripheral face of the ring
gear R1 and the inner peripheral spline 14a of the inner
peripheral face of the casing member 14.

The pinion P1 1s rotatably supported by the carrier CR1 and
1s engaged with the sun gear S1 described above on the 1nner
diametric side and with the ring gear R1 described above on
the outer diametric side.

The pinion P2 i1s the common long pinion in which a
large-diametric gear P2a formed on the rear side and a small-
diametric gear P25 formed on the front side are combined 1n
a body. In the pmion P2, the large-diametric gear P2a 1is
engaged with the sun gear S2 described above and the small-
diametric gear P2b 1s engaged with the pinion P1 described
above.

The carrier CR1 rotatably supports the pinions P1 and P2
by the front and rear carrier plates CR15 and CR1a. The front
carrier plate CR15b 1s coupled with the outer peripheral face on
the front end of the output shait 12. The carrier CR1 1s
relatively and rotatably supported by the bearing p fitted to the
inner diametric front and rear faces of the front carrier plate
CR15b and the bearing m fitted to the inner diametric front face
of the rear carrier plate CR1a.

The first brake B1 has a number of discs and friction plates
(brake plates) and 1s spline-coupled between an outer periph-
eral spline formed on the outer peripheral face of the ring gear
R1 described above and the mner spline 14a formed on the
inner peripheral face of the casing member 14. A hydraulic
actuator 37 for the first brake 1s disposed on the front side of
the first brake B1. The hydraulic actuator 37 has a piston 38
disposed on the front side of the first brake B1 so as to be
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movable 1n the longitudinal direction, a first hydraulic cham-
ber 40 which 1s provided at the outer diametric front face of
the partition C and 1nto which the front end of the piston 38 1s
oil-tightly fitted, and a return spring (compression spring) 42
interposed between a retainer 41 fixed to the partition C and
the inner diametric rear face of the piston 38 to bias the piston
38 to the front.

The second brake B2 1s disposed just behind the first brake
B1 described above. The second brake B2 has a number of
discs and friction plates (brake plates) and 1s spline-coupled
between an outer peripheral spline formed on the outer
peripheral face of the drum portion 35 combined with the sun
gear S2 described above and the inner spline 14a formed on
the inner peripheral face of the casing member 14. A hydrau-
lic actuator 43 for the second brake 1s disposed on the rear side
ol the second brake B2. The hydraulic actuator 43 has a piston
44 disposed behind the second brake B2 so as to be movable
in the longitudinal direction, a second hydraulic chamber 45
which 1s provided at the outer diametric rear face of the
partition D and into which the rear end of the piston 44 1s
oil-tightly fitted, and a return spring (compression spring) 47
interposed between a retainer 46 fixed to the partition D and
the mner diametric front face of the piston 44 to bias the
piston 44 to the rear.

In the transmission 22 constructed as described above, an
output from the second electric motor 23 1s transmitted to the
sun gear S1 via the sleeve 63. In a low state, the first brake Bl
1s engaged and the second brake B2 1s released. Accordingly,
the ring gear R1 1s locked and the sun gear S2 1s freely
rotatable 1n this state. The revolution of the sun gear S1
described above 1s extensively reduced via the pimion P1 and
1s transmitted to the carrier CR1. The revolution of the carrier
CR1 is then transmitted to the output shaft 12.

When the transmission 22 1s 1n a high state, the first brake
B1 1s released and the second brake B2 1s engaged. Accord-
ingly, the sun gear S2 1s locked and the ring gear R1 1s freely
rotatable 1n this state. In this state, the revolution of the sun
gear S1 1s transmitted to the pinion P1 and the pinion P2
engages with the locked sun gear S2. Then, the carrier CR1
moves around the sun gear at a restricted predetermined num-
ber of revolution and the revolution of the carrier CR1
reduced in a relatively small extent 1s transmitted to the output
shaft 12 at this time.

Thus, the transmission 22 transmits the extensively
reduced revolution to the output shait 12 1n the low state by
engaging the first brake B1 and by releasing the second brake
B2, respectively. In contrary, 1t transmits the revolution
reduced 1n a relatively small extent to the output shatt 12 by
releasing the first brake B1 and by engaging the second brake
B2, respectively. Because the transmission 22 1s thus capable
of shifting 1n the two stages, the second electric motor 23 may
be downsized. That 1s, the transmission 22 enables to use a
small electric motor, to transmit suificient driving torque to
the output shaft 12 1n the low state in starting the vehicle 1
when high torque 1s required, and to prevent the rotor 29 from
rotating at high-speed by putting 1t in the high state when the
output shaft 12 1s rotating at high-speed.

The second electric motor 23 comprises a permanent mag-
net synchronous motor (brushless DC motor) for example
and 1s disposed on the outer diametric side of the output shatt
12 coaxially therewith. The second electric motor 23 has the
stator 28 fixed to the inner peripheral face of the casing
member 14 and the rotor 29 rotatably disposed on the inner
diametric side of the stator 28 apart from the stator 28 by a
predetermined air gap G2. The mner diametric side of the
rotor 29 1s formed 1n a cylindrical shape and stages 48 and 50
are formed, respectively, at the front and rear outer peripheral
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faces of the cylindrical part. The casing member 14 rotatably
supports the rotor 29 through an mtermediary of bearings r
and s fitted between the stages 48 and 50 and the partitions D
and E while being positioned in the longitudinal direction. A
sleeve 33 formed 1n a body with the sun gear S1 of the
transmission 22 described above 1s fixed at the front end of the
cylindrical part. The output shait 12 relatively and rotatably
supports the rotor 29 and the sun gear S1 mutually formed 1n
a body through an intermediary of bearings 1, j and t fixed on
the outer peripheral face of the output shait 12. It 1s noted that
the bearings 1 and tare disposed at the positions corresponding,
to the bearings r and s 1n terms of disposition 1n the longitu-
dinal direction. Since the rotor29 of the second electric motor
23 1s rotatably supported so as to be sandwiched by the casing
member 14 and the output shaft 12 through the intermediary
of the bearings r and s fixed to the partitions D and E and the
bearings j and t fixed to the outer peripheral face of the output
shaft 12 as described above, the longitudinal and radial posi-
tions of the rotor 29 may be maintained accurately. Accord-
ingly, even 1f a force that may bend the casing member 14 1n
the vertical or lateral direction acts thereon, the predeter-
mined air gap G2 between the stator 28 and the rotor 29 may
be keptaccurately. It 1s noted that the second electric motor 23
1s connected to the HV battery via the mnverter similarly to the
first electric motor 20 as described above.

The casing member 14 storing the first electric motor 20,
the power splitting planetary gear 21, the transmission 22 and
the second electric motor 23 as described above has a boss
section 145 which extends to the rear on the inner diametric
side of the partition E at the rear end thereof. The casing

member 14 rotatably supports a rear end coupling section 124
of the output shatt 12 by the boss section 146 through an
intermediary of bearings u and v.

The outer diametric side of the partition E of the casing
member 14 1s thickened to compose a mounting section 14c¢.
A coupling section 144 at the front end of the casing member
14 1s connected with the internal combustion engine 3 rubber-
mounted to the body 4 (see FI1G. 1) and the rear end thereof 1s
rubber-mounted to a part 4a of the body by utilizing the
mounting section 14c¢. That 1s, the part 4a of the body 1s
provided with a rubber pedestal 51 to which a stay 535 1s fixed
by a bolt 52, a washer 53 and a nut 54. Then, the casing
member 14 1s mounted to the stay 535 described above by a
bolt 56 screwed to the mounting section 14¢ near the rear end
of the casing member 14. It 1s noted that because the casing
member 14 1s arranged so that the a gap G3 between the bolt
52 on the part 4a side and the bolt 56 on the casing member 14
side 1s shorter than a screwing length of the bolt 56, the bolt 56
will not come out of the mounting section 14¢ and thus the
rear end of the casing member 14 will not be put out of the
body part 4a even 11 the bolt 56 1s happened to be loosened.

Since the partitions D and E as the supporting members
extending from the casing member 14 support the both sides
of the rotor 29 of the second electric motor 23 through the
intermediary of the bearings r and s as described above and
the accuracy for supporting the rotor 29 1s improved, the gap
between the stator 28 and the rotor 29 may be reduced.
Thereby, the output of the second electric motor 23 may be
improved. Still more, since the mounting section 14¢ 1s pro-
vided at the position axially overlapping with the rear parti-
tion E among the two partitions D and E and the rigidity for
supporting the rotor 29 may be improved, 1t becomes possible
to suppress the vibration occurring in the casing member 14
and to reduce the vibration propagating {from the casing mem-

ber 14 to the body 4.
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Next, a first modification of the hybrid driving unit 7A of
the present embodiment will be explained with reference to a
skeleton view 1n FIG. 4.

As shown 1n FIG. 4, the hybrnid driving unit 7A comprises
the first electric motor 20, the power splitting planetary gear
21, the transmission 22 and the second electric motor 23 in
order from the side closer to the internal combustion engine 5
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below 1n the order of the first electric motor 20
to the second electric motor 23.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the mnner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with a ring
gear R0 of the power splitting planetary gear 21 described
next. The first electric motor 20 generates electricity based on
the motive power inputted via the sun gear S0 and drives the
second electric motor 23 or charges the HV battery (hybnd
driving battery) not shown via the iverter not shown.

The power splitting planetary gear 21 comprises a single
pinion planetary gear train disposed coaxially with the output
shaft 12. The power splitting planetary gear 21 has the carrier
(first rotary element) CRO supporting a plurality of pinions
PO, the sun gear (third rotary element) S0 and the ring gear
(second rotary element) R0 each engaging with the pinions
P0. The carrier CR0 of the power splitting planetary gear 21
1s coupled with the input shait 10, the ring gear R0 1s coupled
with the rotor 25 of the first electric motor 20 and the sun gear
S0 1s coupled with the output shait 12. The power splitting
planetary gear 21 splits the motive power mputted to the
carrier CR0 via the input shait 10 to the first electric motor 20
via the ring gear R0 and to the output shait 12 via the sun gear
S0 based on the control on the revolution of the first electric
motor 20. It 1s noted that the power split to the first electric
motor 20 1s used for generating electricity and the power split
to the output shaft 12 1s used for driving the vehicle 1.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and a single planetary gear train that uses one
of their pinions 1n common. The transmission 22 also has the
first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pinion) P2, and the rnng gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s an input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s an output member, 1s coupled with the output shaift 12
similarly to the sun gear S0 of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other. That 1s, the trans-
mission 22 1s arranged so as to change the degree of the
motive power inputted from the second electric motor 23
described above via the sun gear S1 and to transmit it to the
output shait 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the first electric motor 20, the power splitting
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planetary gear 21, and the transmission 22 and the second
clectric motor 23 described above, 1.¢., at the position furthest
from the internal combustion engine 5. The second electric
motor 23 has the stator 28 fixed to the casing member 14 (see
FIG. 1) and the rotor 29 rotatably supported on the inner
diametric side of the stator 28. The rotor 29 of the second
clectric motor 23 1s coupled with the sun gear S1 of the
transmission 22 described above. Similarly to the first electric
motor 20 described above, the second electric motor 23 1s
connected to the HV battery via the inverter. The second
clectric motor 23 1s arranged to assist the drive of the output
shaft 12 via the transmission 22 and to regenerate energy.

Next, a second modification of the hybrid driving unit 7A
of the present embodiment will be explained with reference to
a skeleton view 1n FIG. §.

As shown 1n FIG. 5, the hybrid driving unit 7A comprises
the first electric motor 20, the power splitting planetary gear
21, the transmission 22 and the second electric motor 23 in
order from the side closer to the internal combustion engine 3
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed in line around the axis 13. These devices will
be explained below 1n the order of the first electric motor 20
to the second electric motor 23.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the mner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with a sun gear
S0 of the power splitting planetary gear 21 described next.
The first electric motor 20 mainly generates electricity based
on the motive power mputted via the sun gear S0 and drives
the second electric motor 23 or charges the HV battery (hy-
brid driving battery) not shown via the inverter not shown.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the input
shaft 10. The power splitting planetary gear 21 has the carrier
(first rotary element) CRO supporting the plurality of pinions
PO (P01 and P02), the sun gear (second rotary element) S0
and the ring gear (third rotary element) R0 each engaging
with the pinions P01 and P02. The ring gear R0 of the power
splitting planetary gear 21 1s coupled with the input shait 10,
the sun gear S0 1s coupled with the rotor 23 of the first electric
motor 20 and the carrier CRO 1s coupled with the output shaft
12. The power splitting planetary gear 21 splits the motive
power inputted to the ring gear R0 via the input shaft 10 to the
first electric motor 20 via the sun gear S0 and to the output
shait 12 via the carrier CR0O based on the control on the
revolution of the first electric motor 20. It 1s noted that the
power split to the first electric motor 20 1s used for generating,
clectricity and the power splitto the output shaft 12 1s used for
driving the vehicle 1.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and a single planetary gear train that uses one
of their pimions 1n common. The transmission 22 also has the
first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carnier CR1 supporting the pinion P1 and the pinion
(common long pimion) P2, and the ring gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s an input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
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1s an output member, 1s coupled with the output shait 12
similarly to the carrier CRO of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other. That 1s, the trans-
mission 22 1s arranged so as to change the degree of the
motive power inputted from the second electric motor 23
described above via the sun gear S1 and to transmit it to the
output shait 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position with respect to the first electric motor 20, the power
splitting planetary gear 21, and the transmission 22, 1.e., atthe
position furthest from the internal combustion engine S. The
second electric motor 23 has the stator 28 fixed to the casing
member 14 (see FIG. 1) and the rotor 29 rotatably supported
on the inner diametric side of the stator 28. The rotor 29 of the
second electric motor 23 1s coupled with the sun gear S1 of the
transmission 22 described above. Similarly to the first electric
motor 20 described above, the second electric motor 23 1s
connected to the HV battery via the inverter. The second
clectric motor 23 1s arranged to assist the drive of the output
shaft 12 via the transmission 22 and to regenerate energy.

Next, a third modification of the hybrid driving unit 7A of
the present embodiment will be explained with reference to a
skeleton view 1n FIG. 6.

As shown 1n FIG. 6, the hybrid driving unit 7A comprises
the first electric motor 20, the power splitting planetary gear
21, the transmission 22 and the second electric motor 23 1n
order from the side closer to the internal combustion engine 5
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below 1n the order of the first electric motor 20
to the second electric motor 23.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 235 rotatably
supported on the mner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with the
carrier CR0 of the power splitting planetary gear 21 described
next. The first electric motor 20 mainly generates electricity
based on the motive power mputted via the carrier CR0O and
drives the second electric motor 23 or charges the HV battery
(hybrid driving battery) not shown via the inverter not shown.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the input
shaft 10. The power splitting planetary gear 21 has the carrier
(second rotary element) CRO supporting the plurality of pin-
ions PO (P01 and P02), the sun gear (third rotary element) SO
and the ring gear (first rotary element) R0 each engaging with
the pinions P01 and P02. The ring gear R0 of the power
splitting planetary gear 21 1s coupled with the input shaift 10,
the carrier CR0 1s coupled with the rotor 235 of the first electric
motor 20 and the sun gear S0 1s coupled with the output shait
12. The power splitting planetary gear 21 splits the motive
power inputted to the ring gear R0 via the input shaft 10 to the
first electric motor 20 via the carrier CR0 and to the output
shaft 12 via the sun gear S0 based on the control on the
revolution of the first electric motor 20. It 1s noted that the
power split to the first electric motor 20 1s used for generating,
clectricity and the power splitto the output shait 12 1s used for
driving the vehicle 1.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and a single planetary gear train that uses one
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of their pimions 1n common. The transmission 22 also has the
first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrnier CR1 supporting the pinion P1 and the pinion
(common long pimion) P2, and the ring gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s an 1nput member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s an output member, 1s coupled with the output shaift 12
similarly to the sun gear S0 of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other. That 1s, the trans-
mission 22 1s arranged so as to change the degree of the
motive power inputted from the second electric motor 23
described above via the carrier CR1 and to transmit it to the
output shait 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the first electric motor 20, the power splitting,
planetary gear 21, the transmission 22 and the second electric
motor 23 described above, 1.e., at the position furthest from
the internal combustion engine 5. The second electric motor
23 has the stator 28 fixed to the casing member 14 (see FIG.
1) and the rotor 29 rotatably supported on the inner diametric
side of the stator 28. The rotor 29 of the second electric motor
23 1s coupled with the sun gear S1 of the transmission 22
described above. Similarly to the first electric motor 20
described above, the second electric motor 23 1s connected to
the HV battery via the inverter. The second electric motor 23
1s arranged to assist the drive of the output shaft 12 via the
transmission 22 and to regenerate energy.

Second Embodiment

Next, ahybrid driving unit 7B of a second embodiment will
be explained as another example of the mnventive hybrid driv-
ing unit 7 mounted to the vehicle 1 shown m FIG. 1. The
outline of the whole hybrid driving unit 7B will be explained
at first with reference to the skeleton view 1n FIG. 7 and then
its concrete structure will be detailed with reference to FIG. 8.
It 1s noted that 1n these figures, the direction indicated by an
arrow F denotes the front side of a body (the internal com-
bustion engine side) and the direction indicated by an arrow R
denotes the rear side thereof (the differential unit side).

As shown 1n FIG. 7, the hybrid driving unit 7B comprises
the power splitting planetary gear 21, the first electric motor
20, the transmission 22 and the second electric motor 23 in
order from the side closer to the internal combustion engine 3
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. It 1s noted that 1n
the present embodiment, the output shatt 12 1s composed of a
front end coupling section 12¢, an intermediate coupling
section 126 and a rear end coupling section 12q formed 1n a
body as shown in FIG. 8. These devices will be explained
below 1n the order of the power splitting planetary gear 21, the
first electric motor 20, the transmission 22 and the second
clectric motor 23.

The power splitting planetary gear 21 comprises a single
pinion planetary gear train disposed coaxially with the input

10

15

20

25

30

35

40

45

50

55

60

65

22

shaft 10. The power splitting planetary gear 21 has the carrier
(first rotary element) CRO supporting a plurality of pinions
PO, the sun gear (third rotary element) S0 and the ring gear
(second rotary element) R0 each engaging with the pinions
P0. The carrier CRO of the power splitting planetary gear 21
1s coupled with the input shait 10, the rnng gear R0 1s coupled
with the rotor 25 of the first electric motor 20 and the sun gear
S0 1s coupled with the output shait 12. The power splitting
planetary gear 21 constructed as described above splits the
motive power iputted to the carrier CR0 via the input shaft
10 to the first electric motor 20 via the ring gear R0 and to the
output shait 12 via the sun gear R0 based on the control on the
revolution of the first electric motor 20. It 1s noted that the
power split to the first electric motor 20 1s used for generating,
clectricity and the power splitto the output shait 12 1s used for
driving the vehicle 1.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the mner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with the ring
gear R0 of the power splitting planetary gear 21 described
above. The first electric motor 20 constructed as described
above mainly generates electricity based on the motive power
inputted via the ring gear R0 and drives the second electric
motor 23 or charges the HV battery (hybrid driving battery)
not shown via the inverter not shown.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and the single planetary gear train that uses
one of their pinions 1n common. The transmission 22 also has
the first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pinion) P2, and the rnng gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s an input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s an output member, 1s coupled with the output shait 12
similarly to the sun gear S0 of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are diflerent by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other. That 1s, the trans-
mission 22 1s arranged so as to change the degree of the
motive power inputted from the second electric motor 23
described above via the sun gear S1 and to transmit it to the
output shait 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position with respect to the power splitting planetary gear 21,
the first electric motor 20, and the transmission 22, 1.e., at the
position furthest from the internal combustion engine S. The
second electric motor 23 has the stator 28 fixed to the casing
member 14 (see FIG. 1) and the rotor 29 rotatably supported
on the inner diametric side of the stator 28. The rotor 29 of the
second electric motor 23 1s coupled with a sun gear S1 of the
transmission 22 described above. Similarly to the first electric
motor 20 described above, the second electric motor 23 1s
connected to the HV battery via the inverter. However, their
main functions differ from each other. That 1s, differing from
the first electric motor 20 which functions mainly for the
purpose of power generation, the second electric motor 23
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functions mainly as a driving motor for assisting the motive
power (driving force) of the vehicle 1. However, the second
clectric motor 23 also functions as a generator 1n braking the
vehicle for example by regenerating vehicular inertia force as
clectrical energy.

Among the power splitting planetary gear 21, the first
electric motor 20, the transmission 22 and the second electric
motor 23 described above, the first and second electric motors
20 and 23 are heavy devices which are heavier than the power
splitting planetary gear 21 and the transmission 22. Then, 1n
the present embodiment, the second electric motor 23, 1.¢.,
one of the heavy devices, 1s disposed at the rearmost position
with respect to the power splitting planetary gear 21, the first
clectric motor 20, and the transmission 22, 1.¢., at the position
turthest from the internal combustion engine 5 as shown 1n
FIG. 7.

It1s noted that the operation and effect of the hybrid driving
unit 7B explained with reference to the skeleton view thereof
in FI1G. 7 will be explained after detailing the concrete struc-
ture of the hybrid driving unit 7B with reference to FIG. 8.

FIG. 8 shows an upper half portion of the longitudinal
section view of the hybrid driving unit 7B including the axis
13.

The hybrid driving unit 7B shown 1n FIG. 8 comprises the
input shatt 10 and the output shait 12 disposed on the axis 13
and the power splitting planetary gear 21, the first electric
motor 20, the transmission 22 and the second electric motor
23 disposed around the axis 13. All of these devices are stored
within the casing member 14 together with the input shatt 10
and the output shaft 12, except a part of the rear end of the
output shait 12 (part of the rear end coupling section 12a)
projects out of the casing member 14 to the rear.

Taking the readiness of assembly 1nto account, the casing
member 14 1s divided into a plurality of parts in the longitu-
dinal direction along the axis 13 and i1s formed in a body by
combining junctions of the respective parts. For instance, one
of the junctions H 1s located near the front part of the second
clectric motor 23. Note that other junctions are not shown 1n
the figure. In the casing member 14, a plurality of partitions,
1.e., partitions A, B, C, D and E as supporting members, are
formed at different positions 1n the longitudinal direction 1n
order from the front side. Among these partitions A through E,
the partitions A and E are disposed near the front and rear ends
of the casing member 14, respectively, and the space within
the case between the partitions A and E 1s divided into four
spaces by the partitions B, C and D longitudinally along the
axis 13. These partitions A through E act as members for
reinforcing the casing member 14 and are used for retaining,
bearings a through z described later and for forming the
hydraulic chambers 40 and 45 described later.

The power splitting planetary gear 21, the first electric
motor 20, the transmission 22 and the second electric motor
23 are stored within the four spaces divided by the partitions
A through E, respectively. That 1s, the power splitting plan-
ctary gear 21 1s stored in the space between the partitions A
and B, the first electric motor 20 1s stored between the parti-
tions B and C, the transmission 22 i1s stored between the
partitions C and D, and the second electric motor 23 1s stored
between the D and E, respectively. Beginning from the power
splitting planetary gear 21, these devices will be explained 1n
detail below.

The power splitting planetary gear 21 1s disposed between
the partitions A and B of the casing member 14. The power
splitting planetary gear 21 comprises the single pinion plan-
ctary gear train disposed coaxially with the input shait 10 as
described above and has the ring gear (second rotary element)

R0, the sun gear (third rotary element) S0 and the carrier (first
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rotary element) CRO supporting the pinions P0. Among them,
the ring gear R0 extends to the rear and 1s coupled with the
rotor 235 of the first electric motor 20 through an intermediary
of a coupling member 71. The coupling member 71 has a
flange portion coupled with the rear end of the rng gear RO
and extending to the mnner diametric side behind the carrier
CRO0 and a sleeve portion extending to the rear from the inner
diametric end and coupled with the front end of the rotor 25.
The front carrier plate CR0b of the carrier CRO 1s coupled
with the outer peripheral face of the input shait 10. The sun
gear S0 1s coupled with a sleeve section 75 extending to the
front from the front end coupling section 12¢ of the output
shaft 12.

The bearings are fitted to the following positions for the
power splitting planetary gear 21. The bearing a 1s fitted
between the mner diametric rear face of the partition A and
the front carrier plate CR0b and the bearing b 1s fitted between
the inner diametric rear face of the front carrier plate CR0b
and the front end face of the sun gear S0. The bearings d and
¢ are {itted between the outer peripheral face of the input shatt
10 and the inner peripheral face of the sun gear S0 and the
sleeve section 75. The bearings ¢ and 1 are {itted between the
inner diametric front face of the tlange portion of the coupling
member 71 and the rear carrier plate CR0q and between the
inner peripheral face of the sleeve portion of the coupling
member 71 and the outer peripheral face of the sleeve section
75. These bearings rotatably support the carrier CR0 1in a body
with the input shaft 10, the ring gear R0 1n a body with the
rotor 25 of the first electric motor 20 and the sun gear S0 1n a
body with the output shaft 12. Thus, 1n the power splitting
planetary gear 21, the carrier CR0, which 1s the input section,
1s fixed to the mnput shait 10 and the sun gear S0 and the ring
gear R0, which are the output sections (to which power 1s
split), are coupled with the front end of the rotor 25 of the first
clectric motor 20 and to the front end of the front end coupling
section 12¢ of the output shaft 12, respectively. The power
splitting planetary gear 21 1s arranged so as to split the power
of the internal combustion engine 5 mputted to the carrier
CRO0 via the mput shatt 10 (see FIG. 1) to the side of the first
clectric motor 20 via the ring gear R0 and to the side of the
output shaft 12 via the sun gear S0. The ratio of split of power
at this time 1s decided based on the state of revolution of the
first electric motor 20. That 1s, when the rotor of the first
clectric motor 20 1s caused to generate a large power, an
amount of power generated by the first electric motor 20
increases and the power outputted to the output shaft 12 1s
reduced to that extent. When the rotor 25 of the first electric
motor 20 1s caused to generate a small power 1n contrary, an
amount of power generated by the first electric motor 20
decreases and the power outputted to the output shaft 12
increases to that extent.

The first electric motor 20 comprises an AC permanent
magnet synchronous motor (brushless DC motor) {for
example. It 1s stored 1n the space between the partitions B and
C and 1s disposed on the outer diametric side of the output
shaft 12 coaxially therewith. The first electric motor 20 has
the stator 24 fixed to the mner peripheral face of the casing
member 14 and the rotor 25 rotatably disposed on the inner
diametric side of the stator 24 apart from the stator 24 by the
predetermined air gap G1. The rotor 25 1s formed into a
cylindrical shape and stages 30 and 31 are formed at the front
and rear outer peripheral faces of the cylindrical part. The
casing member 14 rotatably supports the rotor 25 through an
intermediary of bearings h and 1 fitted while being positioned
in the longitudinal direction between these stages 30 and 31
and the partitions B and C. The ring gear R0 of the power
splitting planetary gear 21 described above 1s fixed to the front
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end of the cylindrical part through the coupling member 71.
The front end coupling section 12¢ of the output shaft 12
relatively and rotatably supports the cylindrical part and the
coupling member 71 through an intermediary of bearings 1, g
and k fixed on the outer peripheral face of the front end
coupling section 12¢. It 1s noted that as for the longitudinal
disposition, the bearings g and 1 are disposed at the position
corresponding to the bearing h and the bearing k 1s disposed
at the position corresponding to the bearing 1. Because the
rotor 25 of the first electric motor 20 1s rotatably supported by
the casing member 14 through the intermediary of the bear-
ings h and 1 fixed to the partitions B and C, the longitudinal
and radial directions of the rotor 25 may be assured accu-
rately. Accordingly, even 1f a force bending the casing mem-
ber 14 1n the vertical or horizontal direction acts on the casing
member 14, the predetermined air gap G1 between the stator
24 and the rotor 25 may be kept accurately. It 1s noted that the
first electric motor 20 1s connected to the HV battery via the
inverter as described above. The main function of the first
clectric motor 20 constructed as described above 1s to gener-
ate electric power based on the power split to the sun gear S0
of the power splitting planetary gear 21 explained above and
to drive the second electric motor 23 via the verter or to
charge the HV battery.

The transmission 22 1s disposed between the partitions C
and D of the casing member 14, 1.e., approximately at the
intermediate position of the casing member 14 1n the longi-
tudinal direction (the direction along the axis 13). The trans-
mission 22 has the Ravigneaux type planetary gear unit 27
disposed on the mner diametric side and the first and second
brakes B1 and B2 disposed, respectively, on the front and rear
sides on the outer diametric side thereof.

The planetary gear unit 27 has the first sun gear S1 (here-
iafter simply referred to as ‘the sun gear S17°) disposed near
the outer peripheral face at the front end side of the interme-
diate coupling section 126 of the output shaft 12, the second
sun gear S2 (heremnalter simply referred to as ‘the sun gear
S27) disposed on the rear side of the sun gear S1 and slightly
on the outer diametric side as compared to the sun gear S1, the
ring gear R1 disposed on the outer diametric side of the sun
gear S1, the pmion P1 engaging with the sun gear S1 and the
ring gear R1, the pmion P2 composing the common long
pinion and engaging with the sun gear S2 and the pinion P1,
and the carrier CR1 supporting these pinions P1 and P2.
Beginning from the sun gear S1, these parts will be explained
below.

The sun gear S1 1s coupled with the front end of the rotor 29
ol the second electric motor 23 described later via the sleeve
33 fitted around the outer peripheral face of the front half of
the mtermediate coupling section 12b. This sun gear S1 1s
relatively and rotatably supported by the output shaft 12,
together with the sleeve 33, through an intermediary of the
bearings 1 and m fitted to the outer peripheral face of the
output shait 12.

The sun gear S2 1s formed 1n a body with a flange portion
34 extending from the rear end of the sun gear S2 to the outer
diametric side along the rear carrier plate CR1a of the carrier
CR1 and with a drum portion 35 extending to the front from
the outer diametric end of the flange portion 34. The second
brake B2 described later 1s interposed between the outer
peripheral face ol this drum portion 35 and an inner peripheral
spline 14a of the mner peripheral face of the casing member
14. The sun gear S2 1s rotatably supported by bearings n and
o fitted to the outer peripheral face of the sleeve 33 formed 1n
a body with the sun gear S1 described above and bearings p
and g fitted, respectively, to the front and rear faces on the
inner diametric side (basal end side) of the flange portion 34.

10

15

20

25

30

35

40

45

50

55

60

65

26

It 1s noted that the bearing p 1s interposed between the flange
portion 34 and the inner diametric rear face of the rear carrier
plate CR1aq of the carrier CR1 and the bearing g 1s interposed
between the flange portion 34 and the front face of the inner
diametric side of the partition D.

The ring gear R1 1s provided with a flange portion 36 fixed
at the forefront thereof and extending to the mner diametric
side along the front carrier plate CR1b of the carrier CR1 and
1s rotatably supported by bearings r and s fitted to the front and
rear faces on the inner diametric side of the flange portion 36.
The bearing r 1s interposed between the tflange portion 36 and
the inner diametric rear face of the partition C and the bearing,
s 1s interposed between the flange portion 36 and the front
carrier plate CR1a of the carrier CR1. The first brake B1 1s
interposed between the outer peripheral face of the ring gear
R1 and the inner peripheral spline 14a of the inner peripheral
face of the casing member 14.

The pinion P1 1s rotatably supported by the carrier CR1 and
1s engaged with the sun gear S1 described above on the inner
diametric side and with the ring gear R1 described above on
the outer diametric side.

The pinion P2 1s the common long pinion in which the
large-diametric gear P2a formed on the rear side and the
small-diametric gear P25 formed on the front side are com-
bined in a body. In the pinion P2, the large-diametric gear P2a
1s engaged with the sun gear S2 described above and the
small-diametric gear P26 1s engaged with the pinion P1
described above.

The carrier CR1 rotatably supports the pinions P1 and P2
by the front and rear carrier plates CR1b and CR1a. The front
carrier plate CR15b 1s coupled with the outer peripheral face on
the rear end of the front end coupling section 12¢ of the output
shaft 12. The carrier CR1 1s relatively and rotatably supported
by the bearing s and t fitted to the inner diametric front and
rear faces of the front carrier plate CR1b, the bearing u fitted
between the carrier plate and the front end outer peripheral
face of the intermediate coupling section 126 of the output
shaft 12 and the bearing p fitted to the inner diametric front
face of the rear carrier plate CR1a. It 1s noted that the bearing
t 1s interposed between the carrier plate CR15 and the front
end face of the sun gear S1 described above.

The first brake B1 has a number of discs and iriction plates
(brake plates) and 1s spline-coupled between an outer periph-
eral spline formed on the outer peripheral face of the ring gear
R1 described above and the mner spline 14a formed on the
inner peripheral face of the casing member 14. The hydraulic
actuator 37 for the first brake 1s disposed on the front side of
the first brake B1. The hydraulic actuator 37 has the piston 38
disposed on the front side of the first brake B1 so as to be
movable 1n the longitudinal direction, the first hydraulic
chamber 40 which 1s provided at the outer diametric rear face
of the partition C and into which the front end of the piston 38
1s o1l-tightly fitted, and the return spring (compression spring)
42 interposed between the retainer 41 fixed to the inner
peripheral face of the casing member 14 and the outer dia-
metric rear face of the piston 38 to bias the piston 38 to the
front.

The second brake B2 1s disposed just behind the first brake
B1 described above. The second brake B2 has a number of
discs and friction plates (brake plates) and 1s spline-coupled
between an outer peripheral spline formed on the outer
peripheral face of the drum portion 35 combined with the sun
gear S2 described above and the inner spline 14a formed on
the inner peripheral face of the casing member 14. The
hydraulic actuator 43 for the second brake 1s disposed on the
rear side of the second brake B2. The hydraulic actuator 43
has the piston 44 disposed behind the second brake B2 so as
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to be movable 1n the longitudinal direction, the second
hydraulic chamber 45 which 1s provided at the outer diametric
rear face of the partition D and into which the rear end of the
piston 44 1s o1l-tightly fitted, and the return spring (compres-
sion spring) 47 interposed between the retainer 46 fixed to the
partition D and the inner diametric front face of the piston 44
to bias the piston 44 to the rear.

In the transmission 22 constructed as described above, an
output from the second electric motor 23 1s transmuitted to the
sun gear S1 via the sleeve 33. In a low state, the first brake B1
1s engaged and the second brake B2 is released. Accordingly,
the ring gear R1 1s locked and the sun gear S2 is freely
rotatable 1n this state. The revolution of the sun gear S1
described above 1s extensively reduced via the pinion P1 and
1s transmitted to the carrier CR1. The revolution of the carrier
CR1 1s then transmitted to the output shaft 12.

When the transmission 22 1s 1n a high state, the first brake
B1 is released and the second brake B2 1s engaged. Accord-
ingly, the sun gear S2 1s locked and the ring gear R1 1s freely
rotatable 1n this state. In this state, the revolution of the sun
gear S1 1s transmitted to the pinion P1 and the pinion P2
engages with the locked sun gear S2. Then, the carrier CR1
moves around the sun gear at a restricted predetermined num-
ber of revolution and the revolution of the carner CRI1
reduced 1n a relatively small extent 1s transmitted to the output
shaft 12 at this time.

Thus, the transmission 22 ftransmits the extensively
reduced revolution to the output shait 12 in the low state by
engaging the first brake B1 and by releasing the second brake
B2, respectively. In contrast, the transmission 22 transmits
the revolution reduced by a relatively small extent to the
output shaft 12 by releasing the first brake B1 and by engag-
ing the second brake B2, respectively. Because the transmis-
s10n 22 1s thus capable of shifting 1n the two stages, the second
clectric motor 23 maybe downsized. That 1s, the transmission
22 enables to use a small electric motor, to transmit sufficient
driving torque to the output shaft 12 1n the low state 1n starting
the vehicle 1 when high torque 1s required, and to prevent the
rotor 29 from rotating at high-speed by putting 1t 1n the high
state when the output shaft 12 1s rotating at high-speed.

The second electric motor 23 comprises a permanent mag-
net synchronous motor (brushless DC motor) for example
and 1s disposed on the outer diametric side of the output shaft
12 coaxially therewith. The second electric motor 23 has the
stator 28 fixed to the inner peripheral face of the casing
member 14 and the rotor 29 rotatably disposed on the inner
diametric side of the stator 28 apart from the stator 28 by a
predetermined air gap G2. The inner diametric side of the
rotor 29 1s formed 1n a cylindrical shape and stages 48 and 50
are formed, respectively, at the front and rear outer peripheral
faces of the cylindrical part. The casing member 14 rotatably
supports the rotor 29 through an intermediary of bearings v
and w fitted between the stages 48 and 50 and the partitions D
and E while being positioned in the longitudinal direction.
The sleeve 33 formed 1n a body with the sun gear S1 of the
transmission 22 described above 1s fixed at the front end of the
cylindrical part. The output shait 12 relatively and rotatably
supports the rotor 29 and the sun gear S1 mutually formed 1n
a body through an intermediary of bearings 1, m and x fixed
on the outer peripheral face of the output shaft 12. It 1s noted
that the bearings m and x are disposed at the positions corre-
sponding to the bearings v and w in terms of disposition in the
longitudinal direction. Since the rotor 29 of the second elec-
tric motor 23 1s rotatably supported so as to be sandwiched by
the casing member 14 and the output shait 12 through the
intermediary of the bearings v and w fixed to the partitions D
and E and the bearings m and x fixed to the outer peripheral
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face of the output shaft 12 as described above, the longitudi-
nal and radial positions of the rotor 29 maybe maintained
accurately. Accordingly, even if a force that may bend the
casing member 14 1n the vertical or lateral direction acts
thereon, the predetermined air gap G2 between the stator 28
and the rotor 29 may be kept accurately. It 1s noted that the
second electric motor 23 1s connected to the HV battery via
the inverter similarly to the first electric motor 20 as described
above.

The casing member 14 storing the power splitting plan-
ctary gear 21, the first electric motor 20, the transmission 22
and the second electric motor 23 as described above has the
boss section 145 which extends to the rear on the mner dia-
metric side of the partition E at the rear end thereof. The
casing member 14 rotatably supports the rear end coupling
section 12a of the output shaft 12 by the boss section 14H
through an intermediary of bearings y and z.

The outer diametric side of the partition E of the casing
member 14 1s thickened to compose the mounting section
14c¢. The coupling section 144 at the front end of the casing
member 14 1s connected with the internal combustion engine
5 rubber-mounted to the body 4 (see FIG. 1) and the rear end
thereol 1s rubber-mounted to the part 4a of the body by
utilizing the mounting section 14c¢. That 1s, the part 4a of the
body 1s provided with the rubber pedestal 51 to which the stay
535 1s fixed by the bolt 52, the washer 53 and the nut 54. Then,
the casing member 14 1s mounted to the stay 55 described
above by the bolt 56 screwed to the mounting section 14¢ near
the rear end of the casing member 14. It 1s noted that because
the casing member 14 1s arranged so that the gap G3 between
the bolt 52 on the part 4a side and the bolt 56 on the casing
member 14 side 1s shorter than a screwing length of the bolt
56, the bolt 56 will not come out of the mounting section 14¢
and thus the rear end of the casing member 14 will not be put
out of the body part 4a even 11 the bolt 56 1s happened to be
loosened.

Since the partitions D and E extending from the casing
member 14 as the supporting members support the both sides
of the rotor 29 of the second electric motor 23 through the
intermediary of the bearings r and s as described above and
the accuracy for supporting the rotor 29 1s improved, the gap
between the stator 28 and the rotor 29 may be reduced.
Thereby, the output of the second electric motor 23 may be
improved. Still more, since the mounting section 14¢ 1s pro-
vided at the position axially overlapping with the rear parti-
tion E among the two partitions D and E and the rigidity for
supporting the rotor 29 may be improved, 1t becomes possible
to suppress the vibration occurring in the casing member 14
and to reduce the vibration propagating from the casing mem-
ber 14 to the body 4.

Next, a first modification of the hybrid driving umt 7B of
the present embodiment will be explained with reference to a
skeleton view 1 FIG. 9.

As shown 1n FIG. 9, the hybrid driving unit 7B comprises
the power splitting planetary gear 21, the first electric motor
20, the transmission 22 and the second electric motor 23 1n
order from the side closer to the internal combustion engine 5
in FIG. 1, 1.e., 1n order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below in the order of the power splitting plan-
ctary gear 21, the first electric motor 20, the transmission 22
and the second electric motor 23.

The power splitting planetary gear 21 comprises a single
pinion planetary gear train disposed coaxially with the input
shaft 10. The power splitting planetary gear 21 has the carrier
(first rotary element) CRO supporting a plurality of pinions
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PO, the sun gear (second rotary element) S0 and the ring gear
(third rotary element) R0 each engaging with the pinions PO.
The carrier CRO of the power splitting planetary gear 21 1s
coupled with the input shaft 10, the sun gear S0 1s coupled
with the rotor 25 of the first electric motor 20 and the ring gear
RO 1s coupled with the output shaft 12. The power splitting
planetary gear 21 splits the motive power mputted to the
carrier CR0 via the input shait 10 to the first electric motor 20
via the sun gear G0 and to the output shaft 12 via the ring gear
R0 based on the control on the revolution of the first electric
motor 20. It 1s noted that the power split to the first electric
motor 20 1s used for generating electricity and the power split
to the output shatt 12 1s used for driving the vehicle 1.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 235 rotatably
supported on the inner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with a sun gear
S0 of the power splitting planetary gear 21 described above.
The first electric motor 20 generates electricity based on the
motive power mputted via the sun gear S0 and drives the
second electric motor 23 or charges the HV battery (hybnd
driving battery) not shown via the iverter not shown.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and the single planetary gear train that uses

one of their pinions in common. The transmission 22 also has
the first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pinion) P2, and the ring gear R1. Between the
two pimions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pmion P2, 1.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s the input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s the output member, 1s coupled with the output shait 12
similarly to the ring gear R0 of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other as described later.
That 1s, the transmission 22 1s arranged so as to change the
degree of the motive power inputted from the second electric
motor 23 described above via the sun gear S1 and to transmit
it to the output shatt 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the power splitting planetary gear 21, the first
electric motor 20, the transmission 22 and the second electric
motor 23 described above, 1.e., at the position furthest from
the 1internal combustion engine 5. The second electric motor
23 has the stator 28 fixed to the casing member 14 (see FIG.
1) and the rotor 29 rotatably supported on the inner diametric
side of the stator 28. The rotor 29 of the second electric motor
23 1s coupled with the sun gear S1 of the transmission 22
described above. Similarly to the first electric motor 20
described above, the second electric motor 23 1s connected to
the HV battery via the inverter. The second electric motor 23
1s arranged to assist the drive of the output shaft 12 via the
transmission 22 and to regenerate energy.

Next, a second modification of the hybrid driving unit 7B
of the present embodiment will be explained with reference to
a skeleton view 1n FIG. 10.
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As shown 1n FIG. 10, the hybrid driving unit 7B comprises
the power splitting planetary gear 21, the first electric motor
20, the transmission 22 and the second electric motor 23 in
order from the side closer to the internal combustion engine 5
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below in the order of the power splitting plan-
ctary gear 21, the first electric motor 20, the transmission 22
and the second electric motor 23.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the output
shaft 12. The power splitting planetary gear 21 has the carrier
(third rotary element) CRO supporting the plurality of pinions
PO (P0 and P02), the sun gear (second rotary element) S0 and
the ring gear (third rotary element) R0 each engaging with the
pinions P01 and P02. The ring gear R0 of the power splitting
planetary gear 21 1s coupled with the input shaft 10, the sun
gear S0 1s coupled with the rotor 25 of the first electric motor
20 and the carrier CRO 1s coupled with the output shaft 12.
The power splitting planetary gear 21 constructed as
described above splits the motive power inputted to the ring
gear R0 via the mnput shaft 10 to the first electric motor 20 via
the sun gear S0 and to the output shaft 12 via the carrier CR0
based on the control on the revolution of the first electric
motor 20. It 1s noted that the power split to the first electric
motor 20 1s used for generating electricity and the power split
to the output shaft 12 1s used for driving the vehicle 1.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the mner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with a sun gear
S0 of the power splitting planetary gear 21 described above.
The first electric motor 20 mainly generates electricity based
on the motive power mputted via the sun gear S0 and drives
the second electric motor 23 or charges the HV battery (hy-
brid driving battery) not shown via the inverter not shown.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and a single planetary gear train that uses one
of their pimions 1n common. The transmission 22 also has the
first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pinion) P2, and the rnng gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s the input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s the output member, 1s coupled with the output shaft 12
similarly to the carrier CRO of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other. That 1s, the trans-
mission 22 1s arranged so as to change the degree of the
motive power inputted from the second electric motor 23
described next via the sun gear S1 and to transmit 1t to the
output shait 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the power splitting planetary gear 21, the first
electric motor 20, the transmission 22 and the second electric
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motor 23 described above, 1.e., at the position furthest from
the internal combustion engine 5. The second electric motor
23 has the stator 28 fixed to the casing member 14 (see FIG.
1) and the rotor 29 rotatably supported on the inner diametric
side of the stator 28. The rotor 29 of the second electric motor
23 1s coupled with the sun gear S1 of the transmission 22
described above. Similarly to the first electric motor 20
described above, the second electric motor 23 1s connected to
the HV battery via the inverter. The second electric motor 23
1s arranged to assist the drive of the output shaft 12 via the
transmission 22 and to regenerate energy.

Next, a third modification of the hybrid driving unit 7B of
the present embodiment will be explained with reference to a
skeleton view 1n FIG. 11.

As shown 1n FIG. 11, the hybrid driving unit 7B comprises
the power splitting planetary gear 21, the first electric motor
20, the transmission 22 and the second electric motor 23 in
order from the side closer to the internal combustion engine 3
in FIG. 1, 1.e., in order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed in line around the axis 13. These devices will
be explained below 1n the order of the power splitting plan-
ctary gear 21, the first electric motor 20, the transmission 22
and the second electric motor 23.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the output
shaft 12. The power splitting planetary gear 21 has the carrier
(second rotary element) CRO supporting the plurality of pin-
ions PO (PO and P02), the sun gear (third rotary element) S0
and the ring gear (first rotary element) R0 each engaging with
the pinions P01 and P02. The ring gear R0 of the power
splitting planetary gear 21 1s coupled with the input shaft 10,
the carrier CR0 1s coupled with the rotor 25 of the first electric
motor 20 and the sun gear S0 1s coupled with the output shait
12. The power splitting planetary gear 21 constructed as
described above splits the motive power inputted to the ring
gear R0 via the input shaft 10 to the first electric motor 20 via
the carrier CR0 and to the output shaft 12 via the sun gear S0
based on the control on the revolution of the first electric
motor 20. It 1s noted that the power split to the first electric
motor 20 1s used for generating electricity and the power split
to the output shatt 12 1s used for driving the vehicle 1.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the inner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with the
carrier CRO of the power splitting planetary gear 21 described
above. The first electric motor 20 mainly generates electricity
based on the motive power mputted via the sun gear S0 and
drives the second electric motor 23 or charges the HV battery
(hybrid driving battery) not shown via the inverter not shown.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and a single planetary gear train that uses one
of their pimions 1n common. The transmission 22 also has the
first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carnier CR1 supporting the pinion P1 and the pinion
(common long pimion) P2, and the ring gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s the input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
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1s the output member, 1s coupled with the output shaft 12
similarly to the sun gear S0 of the power splitting planetary
gear 21 described above. This transmission 22 1s arranged so
as to be able to change two deceleration stages where reduc-
tion ratios are different by engaging one of the first and
second brakes B1 and B2 while releasing the other and by
releasing the one while engaging the other as described later.
That 1s, the transmission 22 1s arranged so as to change the
degree of the motive power inputted from the second electric
motor 23 described above via the sun gear S1 and to transmit
it to the output shatt 12 via the carrier CR1.

The second electric motor 23 1s disposed at the rearmost
position among the power splitting planetary gear 21, the first
electric motor 20, the transmission 22 and the second electric
motor 23 described above, 1.e., at the position furthest from
the internal combustion engine 5. The second electric motor
23 has the stator 28 fixed to the casing member 14 (see FIG.
1) and the rotor 29 rotatably supported on the inner diametric
side of the stator 28. The rotor 29 of the second electric motor
23 1s coupled with the sun gear S1 of the transmission 22
described above. Similarly to the first electric motor 20
described above, the second electric motor 23 1s connected to
the HV battery via the inverter. The second electric motor 23
1s arranged to assist the drive of the output shaft 12 via the
transmission 22 and to regenerate energy.

Third Embodiment

Next, a hybrid driving unit 7C of a third embodiment will
be explained as another example of the inventive hybrid driv-
ing unit 7 mounted to the vehicle 1 shown m FIG. 1. The
outline of the whole hybrid driving unit 7B will be explained
at first with reference to the skeleton view 1n FIG. 12 and then
its concrete structure will be detailed with reference to FIG.
13. It 1s noted that 1n these figures, the direction indicated by
an arrow F denotes the front side of a body (the internal
combustion engine side) and the direction indicated by an
arrow R denotes the rear side thereof (the differential unit
side).

As shown 1n FIG. 12, the hybrid driving unit 7C comprises
the second electric motor 23, the transmission 22, the power
splitting planetary gear 21 and the second electric motor 23 1n
order from the side closer to the internal combustion engine 5
in FIG. 1, 1.e., 1n order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
be explained below 1n the order of the second electric motor
23, the transmission 22, the power splitting planetary gear 21
and the {irst electric motor 20.

The second electric motor 23 has the stator 28 fixed to the
casing member 14 (see FIG. 1) and the rotor 29 rotatably
supported on the mnner diametric side of the stator 28. The
rotor 29 of the second electric motor 23 1s coupled with a sun
gear S1 of the transmission 22 described later. Similarly to the
first electric motor 20 described later, the second electric
motor 23 1s connected to the HV battery (hybrid driving
battery) not shown via the inverter not shown. However, their
main functions differ from each other. That 1s, differing from
the first electric motor 20 which functions mainly for the
purpose of power generation, the second electric motor 23
functions mainly as a driving motor for assisting the motive
power (driving force) of the vehicle 1. However, the second
clectric motor 23 also functions as a generator 1n braking the
vehicle for example by regenerating vehicular inertia force as
clectrical energy.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
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ctary gear train and the single planetary gear train that uses
one of their pinions 1n common. The transmission 22 also has

the first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pimion) P2, and the ring gear R1. Between the
two pimions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s the input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s the output member, 1s coupled with the output shaft 12
similarly to the carrier CRO of the power splitting planetary
gear 21 described later. This transmission 22 1s arranged so as
to be able to change two deceleration stages where reduction
ratios are different by engaging one of the first and second
brakes B1 and B2 while releasing the other and by releasing,
the one while engaging the other. That 1s, the transmission 22
1s arranged so as to change the degree of the motive power
inputted from the second electric motor 23 described above
via the sun gear S1 and to transmit it to the output shait 12 via
the carrier CR1.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the output
shaft 12. The power splitting planetary gear 21 has the carrier
(third rotary element) CRO supporting a plurality of pinions
P01 and P02, the sun gear (second rotary element) S0 engag-
ing with the pinion P01 and the ring gear (first rotary element)
RO engaging with the pinion P02. The ring gear R0 of the
power splitting planetary gear 21 1s coupled with the input
shaft 10, the sun gear S0 1s coupled with the rotor 25 of the
first electric motor 20 and the carrier CR0 1s coupled with the
output shaft 12. The power splitting planetary gear 21 con-
structed as described above splits the motive power mputted
to the ring gear R0 via the input shait 10 to the first electric
motor 20 via the sun gear S0 and to the output shaft 12 via the
carrier CR0 based on the control on the revolution of the first
clectric motor 20. It 1s noted that the power split to the first
clectric motor 20 1s used for generating electricity and the
power split to the output shaft 12 1s used for drniving the
vehicle 1.

The first electric motor 20 1s disposed at the rearmost side
among the second electric motor 23, the transmission 22, the
power splitting planetary gear 21 and the first electric motor
20, 1.e., at the position furthest from the internal combustion
engine 5. The first electric motor 20 has the stator 24 fixed to
the casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the inner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with the sun
gear S0 of the power splitting planetary gear 21 described
above. The first electric motor 20 constructed as described
above mainly generates electricity based on the motive power
inputted via the sun gear S0 and drives the second electric
motor 23 or charges the HV battery via the inverter not shown.

Among the second electric motor 23, the transmission 22,
the power splitting planetary gear 21 and the first electric
motor 20 described above, the first and second electric motors
20 and 23 are heavy devices which are heavier than the power
splitting planetary gear 21 and the transmission 22. Then, 1n
the present embodiment, the first electric motor 20, 1.¢., one of
the heavy devices, 1s disposed at the rearmost position among,
the second electric motor 23, the transmission 22, the power
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splitting planetary gear 21 and the first electric motor 20, 1.e.,
at the position furthest from the internal combustion engine 5
as shown 1n FIG. 12.

It1s noted that the operation and etfect of the hybrid driving,
unit 7C explained with reference to the skeleton view thereof
in FIG. 12 will be explained after detailing the concrete struc-
ture of the hybrid driving unit 7C with reference to FIG. 13.

FIG. 13 shows an upper half portion of the longitudinal
section view of the hybrid driving unit 7C including the axis
13.

The hybrid driving unmit 7C shown in FIG. 13 comprises the
input shatt 10 and the output shait 12 disposed on the axis 13
and the second electric motor 23, the transmission 22, the
power splitting planetary gear 21 and the first electric motor
20 disposed around the axis 13. All of these devices are stored
within the casing member 14, except of apart of the rear end
of the output shait 12 projecting out of the casing member 14
to the rear.

Taking the readiness of assembly and others into account,
the casing member 14 1s divided into a plurality of parts 1n the
longitudinal direction along the axis 13 and 1s formed 1n a
body by combiming junctions of the respective parts. For
instance, one of the junctions H is located near the front part
of the first electric motor 20. Note that other junctions are not
shown 1n the figure. In the casing member 14, a plurality of
partitions, 1.e., partitions A, B, C, D and E, are formed at
different positions in the longitudinal direction 1n order from
the front side. Among these partitions A through E, the par-
titions A and E are disposed near the front and rear ends of the
casing member 14, respectively, and the space within the case
between the partitions A and E 1s divided into four spaces by
the partitions B, C and D longitudinally along the axis 13.
These partitions A through E act as members for reinforcing
the casing member 14 and are used for retaiming bearings a
through x described later and for forming the hydraulic cham-
bers 40 and 45 described later.

The second electric motor 23, the transmission 22, the
power splitting planetary gear 21 and the first electric motor
20 are stored within the four spaces divided by the partitions
A through E, respectively. That 1s, the second electric motor
23 1s stored 1n the space between the partitions A and B, the
transmission 22 1s stored between the partitions B and C, the
power splitting planetary gear 21 1s stored between the parti-
tions C and D, and the first electric motor 20 1s stored between
the D and E, respectively. Beginning from the second electric
motor 23, these devices will be explained 1n detail below.

The second electric motor 23 comprises a permanent mag-
net synchronous motor (brushless DC motor) for example
and 1s disposed on the outer diametric side of the input shatt
10 coaxially therewith. The second electric motor 23 has the
stator 28 fixed to the inner peripheral face of the casing
member 14 and the rotor 29 rotatably disposed on the inner
diametric side of the stator 28 apart from the stator 28 by a
predetermined air gap G2. The inner diametric side of the
rotor 29 1s formed 1n a cylindrical shape and stages 48 and 50
are formed, respectively, at the front and rear outer peripheral
taces of the cylindrical part. The casing member 14 rotatably
supports the rotor 29 through an intermediary of bearings a
and b fitted between the stages 48 and 50 and the partitions A
and B while being positioned 1n the longitudinal direction.
The rear end of the cylindrical part 1s coupled with the sun
gear S1 of the transmission 22 described later via the sleeve
63 fitted around the outer peripheral face of the mnput shait 10.
The 1nput shait 10 relatively and rotatably supports the rotor
29 and the sun gear S1 mutually formed 1n a body through an
intermediary of bearings ¢, d and e fixed on the outer periph-
eral face of the mput shatt 10. It 1s noted that the bearings ¢
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and dare disposed at the positions corresponding to the bear-
ings a and b 1n terms of disposition in the longitudinal direc-
tion. Since the rotor 29 of the second electric motor 23 1s
rotatably supported by the bearings a and b fixed to the par-
titions A and B, the longitudinal and radial positions of the
rotor 29 may be maintained accurately. Accordingly, evenif a
force that may bend the casing member 14 in the vertical or
lateral direction acts thereon, the predetermined air gap G2
between the stator 28 and the rotor 29 may be kept accurately.
It1s noted that the second electric motor 23 1s connected to the

HYV battery via the mverter similarly to the first electric motor
20 as described later.

The input shaft 10 1s rotatably supported by the casing
member 14 through the intermediary of the bearing ¢ pro-
vided at the position coaxially overlapping with the bearing a,
the bearing q provided between the outer peripheral face at
the rear end of the mnput shaft 10 and the inner peripheral face
of the cylindrical part at the front end of the output shaft 12,
the bearings r and s provided between the output shait 12 and
the rotor 25 of the first electric motor 20, and the bearing t
provided between the rotor 25 of the first electric motor 20
and the partition D.

The transmission 22 1s disposed between the partitions B
and C of the casing member 14, 1.e., approximately at the
intermediate position of the casing member 14 1n the longi-
tudinal direction (the direction along the axis 13). The trans-
mission 22 has the Ravigneaux type planetary gear unit 27
disposed on the mner diametric side and the first and second
brakes B1 and B2 disposed, respectively, on the front and rear
sides on the outer diametric side thereof.

The planetary gear unit 27 has the first sun gear S1 (here-
inafter simply referred to as ‘the sun gear S1°), the second sun
gear S2 (hereinafter simply referred to as ‘the sun gear S27)
disposed on the front side of the sun gear S1 and slightly on
the outer diametric side as compared to the sun gear S1, the
ring gear R1 disposed on the outer diametric side of the sun
gear S1, the pinion P1 engaging with the sun gear S1 and the
ring gear R1, the pinion P2 composing the common long
pinion and engaging with the sun gear S2 and the pinion P1,
and the carrier CR1 supporting these pinions P1 and P2.
Beginning from the sun gear S1, these parts will be explained
below.

The sun gear S1 1s coupled with the rear end of the rotor 29
of the second electric motor 23 described later via the sleeve
63. This sun gear S1 1s relatively and rotatably supported by
the mput shait 10, together with the sleeve 63, through an
intermediary of the bearings ¢, d and e fitted to the outer
peripheral face of the input shait 10.

The sun gear S2 1s formed 1n a body with a flange portion
34 extending from the front end of the sun gear S2 to the outer
diametric side along the front carrier plate CR15 of the carrier
CR1 and with a drum portion 35 extending to the rear from the
outer diametric end of the tlange portion 34. The second brake
B2 described later 1s interposed between the outer peripheral
face of this drum portion 35 and the inner peripheral spline
14a of the inner peripheral face of the casing member 14. The
sun gear S2 1s rotatably supported by bearings 1 and g fitted to
the outer peripheral face of the sleeve 63 formed 1n a body
with the sun gear S1 described above and bearings h and 1
fitted, respectively, to the front and rear faces on the ner
diametric side (basal end side) of the flange portion 34. It 1s
noted that the bearing h 1s interposed between the tlange
portion 34 and the rear face of the inner diametric side of the
partition B and the bearing 1 1s interposed between the tlange
portion 34 and the mner diametric front face of the front
carrier plate CR15b of the carrier CR1 described later.
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The ring gear R1 1s provided with a flange portion 36 fixed
at the rear end thereof and extending to the inner diametric
side along the rear carrier plate CR1a of the carrier CR1 and
1s rotatably supported by bearings 1 and k fitted to the front
and rear faces on the inner diametric side of the flange portion
36. The bearing 7 1s interposed between the flange portion 36
and the rear carrier plate CR1a of the carrier CR1 and the
beanng k 1s mterposed between the flange portion 36 and the
inner diametric front face of the partition C. The first brake B1
1s 1terposed between the outer peripheral face of the ring
gear R1 and the inner peripheral spline 14a of the inner
peripheral face of the casing member 14.

The pinion P1 1s rotatably supported by the carrier CR1 and
1s engaged with the sun gear S1 described above on the 1nner
diametric side and with the ring gear R1 described above on
the outer diametric side.

The piion P2 1s the common long pinion 1n which the
large-diametric gear P2a formed on the rear side and the
small-diametric gear P25 formed on the front side are com-
bined in a body. In the pimion P2, the large-diametric gear P2a
1s engaged with the sun gear S2 described above and the
small-diametric gear P25 1s engaged with the pinion P1
described above.

The carrier CR1 rotatably supports the pinions P1 and P2
by the front and rear carrier plates CR15 and CR1a. The rear
carrier plate CR1a 1s coupled with the rear carrier plate CR0a
of the power splitting planetary gear 21 described later via a
coupling member 64. The coupling member 64 1s formed 1n a
body with a sleeve portion connected to the inner diametric
rear end of the rear carrier plate CR1a of the carrier CR1 and
extending to the rear and with a drum portion extending to the
rear Irom the outer diametric end of the flange portion and 1s
relatively and rotatably supported by the bearing m fitted
between the inner peripheral face of the sleeve portion and the
outer peripheral face of the input shaft 10. The carrier CR1 1s
relatively and rotatably supported by the bearing 1 described
above and fitted to the inner diametric front face of the front
carrier plate CR1b and the bearings 1 and 1 fitted respectively
to the mner diametric front and rear faces of the rear carrier
plate CR1b. It 1s noted that the bearing 1 1s interposed
between the carrier plate and the rear end face of the sun gear
S1 described above.

The first brake B1 has a number of discs and iriction plates
(brake plates) and 1s spline-coupled between an outer periph-
eral spline formed on the outer peripheral face of the ring gear
R1 described above and the mner spline 14a formed on the
inner peripheral face of the casing member 14. The hydraulic
actuator 37 for the first brake i1s disposed on the rear side of the
first brake B1. The hydraulic actuator 37 has the piston 38
disposed on the rear side of the first brake B1 so as to be
movable 1n the longitudinal direction, the first hydraulic
chamber 40 which 1s provided at the outer diametric front face
of the partition C and into which the rear end of the piston 38
1s o1l-tightly fitted, and the return spring (compression spring)
42 interposed between the retainer 41 fixed to the partition C
and the inner diametric front face of the piston 38 to bias the
piston 38 to the rear.

The second brake B2 1s disposed just before the first brake
B1 described above. The second brake B2 has a number of
discs and friction plates (brake plates) and 1s spline-coupled
between an outer peripheral spline formed on the outer
peripheral face of the drum portion 35 combined with the sun
gear S2 described above and the inner spline 14a formed on
the inner peripheral face of the casing member 14. The
hydraulic actuator 43 for the second brake 1s disposed on the
front side of the second brake B2. The hydraulic actuator 43
has the piston 44 disposed before the second brake B2 so as to
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be movable 1n the longitudinal direction, the second hydraulic
chamber 45 which 1s provided at the outer diametric rear face
of the partition B and into which the front end of the piston 44
1s o1l-tightly fitted, and the return spring (compression spring)
4’7 interposed between the retainer 46 fixed to the partition B
and the mner diametric rear face of the piston 44 to bias the
piston 44 to the front.

In the transmission 22 constructed as described above, an
output from the second electric motor 23 1s transmuitted to the
sun gear S1 via the sleeve 63. In a low state, the first brake B1
1s engaged and the second brake B2 is released. Accordingly,
the ring gear R1 1s locked and the sun gear S2 is freely
rotatable 1n this state. The revolution of the sun gear S1
described above 1s extensively reduced via the pinion P1 and
1s transmitted to the carrier CR1. The revolution of the carrier
CR1 1s then transmitted to the output shaft 12.

When the transmission 22 1s 1n a high state, the first brake
B1 is released and the second brake B2 1s engaged. Accord-
ingly, the sun gear S2 1s locked and the ring gear R1 1s freely
rotatable 1n this state. In this state, the revolution of the sun
gear S1 1s transmitted to the pinion P1 and the pinion P2
engages with the locked sun gear S2. Then, the carrier CR1
moves around the sun gear at a restricted predetermined num-
ber of revolution and the revolution of the carner CRI1
reduced 1n a relatively small extent 1s transmitted to the output
shaft 12 at this time.

Thus, the transmission 22 ftransmits the extensively
reduced revolution to the output shait 12 in the low state by
engaging the first brake B1 and by releasing the second brake
B2, respectively. In contrast, the transmission 22 transmits
the revolution reduced by a relatively small extent to the
output shaft 12 by releasing the first brake B1 and by engag-
ing the second brake B2, respectively. Because the transmis-
s10n 22 1s thus capable of shifting 1n the two stages, the second
clectric motor 23 maybe downsized. That 1s, the transmission
22 enables to use a small electric motor, to transmit sufficient
driving torque to the output shaft 12 1n the low state 1n starting
the vehicle 1 when high torque 1s required, and to prevent the
rotor 29 from rotating at high-speed by putting 1t 1n the high
state when the output shaft 12 1s rotating at high-speed.

The power splitting planetary gear 21 1s disposed between
the partitions C and D of the casing member 14. The power
splitting planetary gear 21 comprises the double pinion plan-
etary gear train disposed coaxially with the output shait 12 as
described above and has the ring gear (first rotary element)
RO, the sun gear (second rotary element) S0 and the carrier
(third rotary element) CR0O supporting the pinions P01 and
P02. Among them, the rning gear R0 extends to the front and 1s
fixed to the outer diametric end of a flange portion 61 extend-
ing to the outer diametric side along the carrier CR0 from the
outer peripheral face near the rear end of the mput shatt 10.
The front carrier plate CR0b of the carrier CRO 1s coupled
with the front end of the output shaft 12. The sun gear SO
extends to the rear and 1s coupled with the rotor 25 of the first
clectric motor 20.

Bearings n through s are fitted to the following positions for
the power splitting planetary gear 21. That 1s, the bearing n 1s
fitted between the inner diametric rear face of the flange
portion of the coupling member 64 and the mner diametric
front face of the flange section 61, the bearing o 1s fitted
between the inner peripheral rear face of the flange section 61
and the mner diametric front face of the front carrier plate
CROb, and the bearing p 1s fitted between the inner diametric
rear face of the front carrier plate CR0b and the front end face
of the sun gear S0, respectively. The bearing q 1s fitted
between the outer peripheral face of the rear end of the input
shaft 10 and the inner peripheral face of the cylindrical part at
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the front end of the output shaft 12, and the bearings r and s are
fitted between the outer peripheral face of the cylindrical part
and the mner peripheral face of the sun gear S0. These bear-
ings n through s support the ring gear R0 rotatably with
respect to the casing member 14 1n a body with the input shaft
10 and the carrier CR0 and the sun gear S0 relative-rotatably
with respectto the output shait 12. Thus, in the power splitting
planetary gear 21, the ring gear R0, which 1s the input section,
1s fixed to the mput shaft 10, and the sun gear S0 and the
carrier CR0, which are the output sections (to which power 1s
split), are coupled with the front end of the rotor 25 of the first
clectric motor 20 and to the front end of the output shaft 12.
That 1s, the power splitting planetary gear 21 1s arranged so as
to split the motive power of the internal combustion engine 5
inputted to the ring gear R0 via the input shaft 10 (see FIG. 1)
to the side of the first electric motor 20 via the sun gear S0 and
to the side of the output shaft 12 via the carrier CRO, respec-
tively. The ratio of split power 1s decided based on the state of
revolution of the first electric motor 20 described next. That
15, when the rotor 25 of the first electric motor 20 1s caused to
generate a large power, an amount of power generated by the
first electric motor 20 increases and the power outputted to the
output shatt 12 1s reduced to that extent. In contrast, when the
rotor 25 of the first electric motor 20 1s caused to generate a
small power, an amount of power generated by the first elec-
tric motor 20 decreases and the power outputted to the output
shaft 12 increases to that extent.

The first electric motor 20 comprises a permanent magnet
synchronous motor (brushless DC motor) for example. It 1s
stored 1n the space between the partitions B and C and 1s
disposed on the outer diametric side of the output shaft 12
coaxially therewith. The first electric motor 20 has the stator
24 fixed to the iner peripheral face of the casing member 14
and the rotor 25 rotatably disposed on the inner diametric side
of the stator 24 apart from the stator 24 by the predetermined
air gap G1. The rotor 25 1s formed 1nto a cylindrical shape and
stages 30 and 31 are formed at the front and rear outer periph-
eral faces of the cylindrical part. The casing member 14
rotatably supports the rotor 25 through an intermediary of
bearings h and 1 fitted while being positioned 1n the longitu-
dinal direction between these stages 30 and 31 and the parti-
tions B and C. The ring gear R0 of the power splitting plan-
etary gear 21 described above 1s fixed to the front end of the
cylindrical part through the coupling member 71. The front
end coupling section 12¢ of the output shatt 12 relatively and
rotatably supports the cylindrical part and the coupling mem-
ber 71 through an intermediary of bearings 1, g and k fixed on
the outer peripheral face of the front end coupling section 12c¢.
It 1s noted that as for the longitudinal disposition, the bearings
g and fare disposed at the position corresponding to the bear-
ing h and the bearing k 1s disposed at the position correspond-
ing to the bearing 1. Because the rotor 23 of the first electric
motor 20 1s rotatably supported by the casing member 14
through the intermediary of the bearings h and 1 fixed to the
partitions B and C, the longitudinal and radial directions of
the rotor 25 may be assured accurately. Accordingly, even if a
force bending the casing member 14 1n the vertical or hori-
zontal direction acts on the casing member 14, the predeter-
mined air gap G1 between the stator 24 and the rotor 25 may
be kept accurately. It 1s noted that the first electric motor 20 1s
connected to the HV battery via the mverter as described
above. The main function of the first electric motor 20 con-
structed as described above i1s to generate electric power
based on the power split to the sun gear S0 of the power
splitting planetary gear 21 explained above and to drive the
second electric motor 23 via the inverter or to charge the HV
battery.
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The rotor 25 supports the output shaft 12 through an inter-
mediary of the bearings s and v provided at the positions
axially overlapping with the bearings t and u, the sun gear S0
of the power splitting planetary gear 21 1s fixed to the front
end of the rotor 25, and the sun gear S0 1s relatively and
rotatably supported by the output shatt 12 through an inter-
mediary of the bearings r and s fixed to the outer peripheral
face on the front end of the output shait 12.

The casing member 14 storing the second electric motor
23, the transmission 22, the power splitting planetary gear 21
and the first electric motor 20 as described above has the boss
section 145 which extends to the rear on the inner diametric
side of the partition E at the rear end thereof. The casing
member 14 rotatably supports the output shait 12 by the boss
section 145 through an intermediary of bearings w and x.

The outer diametric side of the partition E of the casing
member 14 1s thickened to compose the mounting section
14¢. The coupling section 144 at the front end of the casing
member 14 1s connected with the internal combustion engine
5 rubber-mounted to the body 4 (see FIG. 1) and the rear end
thereol 1s rubber-mounted to the part 4a of the body by
utilizing the mounting section 14c¢. That 1s, the part 4a of the
body 1s provided with the rubber pedestal 51 to which the stay
535 1s fixed by the bolt 52, the washer 53 and the nut 54. Then,
the casing member 14 1s mounted to the stay 35 described
above by the bolt 56 screwed to the mounting section 14¢ near
the rear end of the casing member 14. It 1s noted that because
the casing member 14 1s arranged so that the gap G3 between
the bolt 52 on the part 4a side and the bolt 56 on the casing
member 14 side 1s shorter than a screwing length of the bolt
56, the bolt 56 will not come out of the mounting section 14¢
and thus the rear end of the casing member 14 will not be put
out of the body part 4a even 11 the bolt 56 1s happened to be
loosened.

Since the partitions D and E extending from the casing
member 14 as the supporting members support the both sides
of the rotor 235 of the first electric motor 20 through the
intermediary of the bearings t and u as described above and
the accuracy for supporting the rotor 25 1s improved, the gap
between the stator 24 and the rotor 25 may be reduced.
Thereby, the output of the first electric motor 20 may be
improved. Still more, since the mounting section 14¢ 1s pro-
vided at the position axially overlapping with the rear parti-
tion E among the two partitions D and E and the rigidity for
supporting the rotor 25 may be improved, 1t becomes possible
to suppress the vibration occurring in the casing member 14
and to reduce the vibration propagating from the casing mem-

ber 14 to the body 4.

Fourth Embodiment

Next, a hybrid driving unit 7D of a fourth embodiment will
be explained as another example of the inventive hybrid driv-
ing unit 7 mounted to the vehicle 1 shown 1n FIG. 1. The
outline of the whole hybrid driving unit 7D will be explained
at first with reference to the skeleton view 1n FIG. 14. It 1s
noted that in the figure, the direction indicated by an arrow F
denotes the front side of a body (the internal combustion
engine side) and the direction indicated by an arrow R denotes
the rear side thereof (the differential unit side).

As shown 1n FIG. 14, the hybrid driving unit 7D comprises
the first electric motor 20, the transmission 22, the power
splitting planetary gear 21 and the second electric motor 23 1n
order from the side closer to the internal combustion engine 3
in FIG. 1, 1.e., 1n order from the front side to the rear side. All
of these are stored within the casing member 14 (see FIG. 1)
and are disposed 1n line around the axis 13. These devices will
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be explained below 1n the order of the first electric motor 20,
the transmission 22, the power splitting planetary gear 21 and
the second electric motor 23.

The first electric motor 20 has the stator 24 fixed to the
casing member 14 (see FIG. 1) and the rotor 25 rotatably
supported on the mner diametric side of the stator 24. The
rotor 25 of the first electric motor 20 1s coupled with the sun
gear S0 of the power splitting planetary gear 21 described
later. The first electric motor 20 constructed as described
above mainly generates electricity based on the motive power
inputted via the sun gear S0 and drives the second electric
motor 23 or charges the HV battery via the inverter not shown.

The transmission 22 has the so-called Ravigneaux type
planetary gear unit 27 comprising one double pinion plan-
ctary gear train and the single planetary gear train that uses
one of their pinions in common. The transmission 22 also has
the first and second brakes B1 and B2.

The planetary gear unit 27 comprises two sun gears S1 and
S2, the carrier CR1 supporting the pinion P1 and the pinion
(common long pinion) P2, and the ring gear R1. Between the
two pinions P1 and P2, the pinion P1 engages with the sun
gear S1 and the ring gear R1, and the pinion P2, i.e., the
common long pinion, engages with the sun gear S2 and the
pinion P1. The ring gear R1 of the planetary gear unit 27 1s
coupled with the first brake B1 and the sun gear S2 1s coupled
with the second brake B2. As a whole, the sun gear S1, which
1s the input member, 1s coupled with the rotor 29 of the second
electric motor 23 described next, and the carrier CR1, which
1s the output member, 1s coupled with the output shaft 12
similarly to the carrier CRO of the power splitting planetary
gear 21 described later. This transmission 22 1s arranged so as
to be able to change two deceleration stages where reduction
ratios are different by engaging one of the first and second
brakes B1 and B2 while releasing the other and by releasing
the one while engaging the other as described later. That 1s,
the transmission 22 1s arranged so as to change the degree of
the motive power inputted from the second electric motor 23
described above via the sun gear S1 and to transmit it to the
output shait 12 via the carrier CR1.

The power splitting planetary gear 21 comprises a double
pinion planetary gear train disposed coaxially with the input
shaft 10. The power splitting planetary gear 21 has the carrier
(third rotary element) CRO supporting a plurality of pinions
P01 and P02, the sun gear (second rotary element) S0 engag-
ing with the pinion P01 and the ring gear (first rotary element)
RO engaging with the pinion P02. The ring gear R0 of the
power splitting planetary gear 21 1s coupled with the input
shaft 10, the sun gear S0 1s coupled with the rotor 235 of the
first electric motor 20 and the carrier CR0 1s coupled with the
output shaft 12. The power splitting planetary gear 21 con-
structed as described above splits the motive power inputted
to the ring gear R0 via the input shaft 10 to the first electric
motor 20 via the sun gear S0 and to the output shaft 12 via the
carrier CR0 based on the control on the revolution of the first
clectric motor 20. It 1s noted that the power split to the first
clectric motor 20 1s used for generating electricity and the
power split to the output shaft 12 1s used for driving the
vehicle 1.

The second electric motor 23 1s disposed at the rearmost
side among the first electric motor 20, the transmission 22, the
power splitting planetary gear 21 and the second electric
motor 23, 1.e., at the position furthest from the internal com-
bustion engine 5. The second electric motor 23 has the stator
28 fixed to the casing member 14 (see FIG. 1) and the rotor 29
rotatably supported on the inner diametric side of the stator
28. The rotor 29 of the second electric motor 23 1s coupled
with a sun gear S1 of the transmission 22 described above.
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Similarly to the first electric motor 20 described later, the
second electric motor 23 1s connected to the HV battery not
shown via the inverter. However, their main functions differ
from each other. That 1s, differing from the first electric motor
20 which functions mainly for the purpose of power genera-
tion, the second electric motor 23 functions mainly as a driv-
ing motor for assisting the motive power (driving force) of the
vehicle 1. However, the second electric motor 23 also func-
tions as a generator in braking the vehicle for example by
regenerating vehicular inertia force as electrical energy.

Among the first electric motor 20, the transmission 22, the
power splitting planetary gear 21 and the second electric
motor 23 described above, the first and second electric motors
20 and 23 are heavy devices which are heavier than the power
splitting planetary gear 21 and the transmission 22. Then, 1n
the present embodiment, the second electric motor 23, 1.¢.,
one of the heavy devices, 1s disposed at the rearmost position
among the first electric motor 20, the transmission 22, the
power splitting planetary gear 21 and the second electric
motor 23, 1.e., at the position furthest from the internal com-
bustion engine 5 as shown 1n FIG. 14.

The first electric motor 20, the transmission 22, the power
splitting planetary gear 21 and the second electric motor 23
are stored 1n the casing member not shown similar to those 1n
the first through third embodiments while being separated by
the partitions not shown. The casing member 1s provided with
a mounting section (see the mounting section 14¢ in FIG. 3
for example) near the rear end thereol (near the rear part of the
second electric motor 23 disposed at the rearmost) similarly
to the first embodiment and the casing member 1s rubber-
mounted to a part of the body through the mounting section.

It 1s noted that not only the hydraulic actuator, but also a
ball screw mechanism, an electric actuator using an electric
motor or other actuators may be used for the first and second
brakes B1 and B2 explained in the first through fourth
embodiments. Furthermore, not only the frictional engaging
clements, but also an interlocking type element may be used.

It 1s also needless to say that not only the one described in
the embodiments, but also another automatic transmission of
two, three or more stages or an automatic transmission having,
increased speed stages (O/D) and a continuous variable trans-
mission (CVT)may beused for the transmission 22 described
above. Still more, the output of the transmission 22 may be
linked not only to the output shait 12 but also to any part of the
power train system from the output shaft 12 to the driving
wheels.

Fitth Embodiment

In the 1nvention, the casing member 14 1s provided with the
coupling section 144 which 1s capable of fixing the casing
member to the internal combustion engine 3 at the front end
thereol and with the mounting section 14¢ capable of sup-
porting the casing member to the body 4 at the rear end
thereof. Then, among the first electric motor 20, the power
splitting planetary gear 21, the transmission 22 and the sec-
ond electric motor 23, the second electric motor 23 1s dis-
posed at the rearmost end 1n the first and second embodiments
(see FIGS. 3 and 8) and the first electric motor 20 1s disposed
at the rear most end 1n the third embodiment (see FIG. 13).
Further, as for the relationship of longitudinal position (along
the axis 13) between the first electric motor 20 or the second
clectric motor 23 disposed at the rearmost part and the mount-
ing section 14¢, the mounting section 14¢ 1s provided at the
partition E, among the partitions A through E of the casing
member 14, disposed just behind the first electric motor 20 or
the second electric motor 23 disposed at the rearmost part,

10

15

20

25

30

35

40

45

50

55

60

65

42

1.€., near the rear end of the casing member 14. It 1s noted that
although not shown, the mounting section 14¢ may be pro-
vided at the partition E also 1n the forth embodiment in the
same manner.

When the mounting section 14c¢ 1s provided at the partition
E of the casing member 14, it becomes possible to prevent the
casing member 14 from deforming because the partition E 1s
the part where the rigidity 1s the highest 1n the casing member
14. Because 1t becomes possible to suppress the influence on
the support of the shafts (support for the input shait 10 and the
output shaft 12) caused by the deformation of the casing
member 14, 1t becomes advantageous 1n terms of NV (noise),
vibration and durability.

In view of the above-discussed exemplary aspects of the
present invention, the mounting section 14¢ 1s set at the posi-
tion longitudinally overlapping with the second electric
motor 23 in the casing member 14 as shown 1n FIG. 15. It 1s
noted that the reference characters 1n FIG. 15 correspond to
those 1n FIG. 3 1n the present embodiment.

In the present embodiment, the mounting section 14c¢ 1s
provided at the position before the partition E and overlap-
ping with the second electric motor 23, 1.e., at the position
between the partitions D and E at the outer peripheral wall of
the casing 14.

The coupling section 144 at the front end of the casing
member 14 1s connected with the internal combustion engine
5 rubber-mounted to the body 4 (see FIG. 1) and the rear end
thereol 1s rubber-mounted to the part 4a of the body by
utilizing the mounting section 14c¢. That 1s, the part 4a of the
body 1s provided with the rubber pedestal 51 to which the stay
535 1s fixed by the bolt 52, the washer 53 and the nut 54. Then,
the casing member 14 1s mounted to the stay 55 described
above by the bolt 56 screwed to the mounting section 14¢ near
the rear end of the casing member 14. It 1s noted that because
the casing member 14 1s arranged so that the gap G3 between
the bolt 52 on the part 4a side and the bolt 56 on the casing
member 14 side 1s shorter than a screwing length of the bolt
56, the bolt 56 will not come out of the mounting section 14¢
and thus the rear end of the casing member 14 will not be put
out of the body part 4a even 11 the bolt 56 1s happened to be
loosened.

When the mounting section 14c¢ 1s provided at the position
overlapping with the second electric motor 23, 1t becomes
possible to suppress the vibration of the casing member 14
and becomes advantageous 1n terms of resonance of the
power train and sound filled therein because the mounting
section 14¢ 1s located at the position close to the center of
gravity of the second electric motor 23 which 1s the heavy
device.

It 1s noted that although the cases when the first electric
motor 20, the power splitting planetary gear 21, the transmis-
s10n 22 and the second electric motor 23 are disposed 1n order
from the front side of the casing member 14 has been
explained 1n the explanation above (corresponding to the first
embodiment shown in FIG. 3), the invention is not limited to
that and 1s applicable to all modes including the modifications
described above. However, when the first electric motor 20 1s
disposed at the rearmost part (corresponding to the third
embodiment shown 1n FIG. 13), the mounting section 14c¢ 1s
provided at the position overlapping with the first electric
motor 20 which 1s the heavy device.

Sixth Embodiment

According to the present embodiment, the mounting sec-
tion 14c¢ 1s set at the position longitudinally behind the second
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clectric motor 23 as shown in FIG. 16. It 1s noted that the
reference characters 1n FIG. 16 correspond to those 1n FIG. 3.

In the present embodiment, the mounting section 14c¢ 1s
provided behind the partition E, 1.e., in a triangular rib 14e
formed between the partition E of the casing member 14 and
the outer peripheral face of the boss-section 145 extending to
the rear on the mner diametric side of the partition E.

The coupling section 144 at the front end of the casing
member 14 1s connected with the internal combustion engine
5 rubber-mounted to the body 4 (see FIG. 1) and the rear end
thereol 1s rubber-mounted to the part 4a of the body by
utilizing the mounting section 14c¢. That 1s, the part 4a of the
body 1s provided with the rubber pedestal 51 to which the stay
535 1s fixed by the bolt 52, the washer 53 and the nut 54. Then,
the casing member 14 1s mounted to the stay 55 described
above by the bolt 56 screwed to the mounting section 14¢ near
the rear end of the casing member 14. It 1s noted that because
the casing member 14 1s arranged so that the gap G3 between
the bolt 52 on the part 4a side and the bolt 56 on the casing
member 14 side 1s shorter than a screwing length of the bolt
56, the bolt 56 will not come out of the mounting section 14¢
and thus the rear end of the casing member 14 will not be put
out of the body part 4a even 11 the bolt 56 1s happened to be
loosened.

Since the mounting section 14¢ 1s provided behind the
partition E which 1s located behind the second electric motor
23, the mounting section 14¢ may be set at a part of the casing
member 14 having a small diameter. It allows the hybnd
driving unit 7A to be mounted to the body 4 more compactly.

It 1s noted that although the cases when the first electric
motor 20, the power splitting planetary gear 21, the transmis-
s10n 22 and the second electric motor 23 are disposed 1n order
from the front side of the casing member 14 has been
explained in the explanation above (corresponding to the first
embodiment shown 1n FIG. 3), the invention 1s not limited to
that and 1s applicable to all modes including the modifications
described above. However, when the first electric motor 20 1s
disposed at the rearmost part (corresponding to the third
embodiment shown 1n FIG. 13), the mounting section 14c¢ 1s
provided at the position behind the partition E located behind
the first electric motor 20 which 1s the heavy device.

INDUSTRICAL APPLICABILITY

The inventive hybrid driving unit described above 1s appli-
cable to vehicles and 1s suitably applicable specifically to FR
vehicles.

The mvention claimed 1s:

1. A hybrid driving unit, comprising:

an 1nput shait for inputting motive power from an internal
combustion engine;

an output shaft disposed on an axis 1n line with said input
shaft and interlocking with driving wheels;

a first electric motor disposed on said axis and comprising,
a first stator and a first rotor;

a power splitting planetary gear disposed on said axis and
comprising a first rotary element coupled with said input
shaft, a second rotary element coupled with said rotor of
said first electric motor and a third rotary element
coupled with said output shaft;

a second electric motor disposed on said axis and compris-
ing a second stator and a second rotor; and

a transmission disposed on said axis and shifting and trans-
mitting revolution of said second rotor of said second
clectric motor to said output shaft, wherein: said first
clectric motor, said power splitting planetary gear, said
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second electric motor and said transmission are stored 1n
a casing member while being disposed 1n line on said
axis;
said first and second stators of said first and second electric
motors, respectively, are fixed to said casing member;

said casing member 1s provided, at a front end thereof, with
a coupling section fixed to said internal combustion
engine and at a rear end thereof, with a mounting section
supported by a vehicle body;

said second electric motor 1s disposed 1n a rearmost part

with respect to said power splitting planetary gear, said
first electric motor, and said transmission disposed along
said axis 1n said casing member;

said second rotor of said second electric motor 1s coupled

only with said transmission; and

a driving torque of said second electric motor 1s transmitted

with said output shaft only via said transmission.

2. The hybrid driving unit as set forth 1n claim 1, wherein
supporting members extending from said casing member
support both sides of said second rotor, disposed 1n the rear-
most end through an intermediary of bearing members; and

said mounting section 1s provided at the position axially

overlapping with a rear supporting member of said sup-
porting members.

3. The hybrid driving unit as set forth 1n claim 2, wherein
said output shaift 1s disposed through the 1inner peripheral side
ol said second electric motor and 1s supported by said second
rotor through an intermediary of bearing members.

4. The hybrid driving unit as set forth 1n claim 1, wherein
said first electric motor 1s disposed 1n a foremost position with
respect to said power splitting planetary gear and said trans-
mission disposed on said axis in said casing member.

5. The hybrid driving unit as set forth 1n claim 4, wherein
supporting members extending from said casing member
support said first rotor of said first electric motor through an
intermediary of bearing members, and said nput shait is
coupled with said power splitting planetary gear through an
inner peripheral side of said first rotor of said first electric
motor and 1s supported by said first rotor of said first electric
motor through another intermediary of bearing members.

6. The hybrid driving unit as set forth 1n claim 4, wherein
said first electric motor, said transmission, said power split-
ting planetary gear and said second electric motor are dis-
posed 1n order from a side closer to said internal combustion
engine.

7. The hybrid driving unit as set forth 1n claim 6, wherein
said input shaft passes through an inner peripheral side of said
first electric motor and said transmission and 1s coupled with
said first rotary element, and said output shait passes through
an 1inner peripheral side of said transmaission and said second
clectric motor.

8. The hybrid driving unit as set forth 1n claim 7, wherein
said power splitting planetary gear comprises a single pinion
planetary gear train;

said mput shatit passes through an inner peripheral side of

said power splitting planetary gear and 1s coupled with a
transmission side of a carrier of said single pinion plan-
ctary gear train;

said output shait passes through between said power split-

ting planetary gear and said transmission and 1s coupled
with aring gear of said single pinion planetary gear train;
and

said first rotor of said first electric motor 1s coupled with a

sun gear of said single pinion planetary gear train.

9. The hybrid driving unit as set forth 1n claim 7, wherein
said power splitting planetary gear comprises a single pinion
planetary gear train;
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said 1nput shaft passes through between said first electric
motor and said power splitting planetary gear and 1s
coupled with a carrier of said single pinion planetary
gear train on a side of said first electric motor;

said output shait 1s coupled with a sun gear of said single
pinion planetary gear; and
said first rotor of said first electric motor 1s coupled with a
ring gear of said single pinion planetary gear.
10. The hybnd driving unit as set forth 1n claim 7, wherein
said power splitting planetary gear comprises a double pinion
planetary gear train;

said input shaft passes through an inner peripheral side of
said power splitting planetary gear and 1s coupled with a
ring gear ol said double pinion planetary gear train;

said output shait passes through an outer peripheral side of
said power splitting planetary gear and between said first
rotor of said first electric motor and said power splitting
planetary gear and 1s coupled with a carrier of said
double pinion planetary gear train on the first electric
motor side; and

said first rotor of said first electric motor 1s coupled with a
sun gear of said double pinion planetary gear train.

11. The hybnid driving unit as set forth 1n claim 7, wherein
said power splitting planetary gear comprises a double pinion
planetary gear train;

said input shaft passes adjacent to said first electric motor
and said power splitting planetary gear and 1s coupled
with a ring gear of said double pinion planetary gear
train;

said output shaft 1s coupled with a sun gear of said double
pinion planetary gear; and

said first rotor of said first electric motor 1s coupled with a

carrier of said double pimion planetary gear on a trans-
mission side through an outer peripheral side of said

power splitting planetary gear.

12. The hybnd driving unit as set forth in claim 1, wherein
said power splitting planetary gear, said first electric motor,
said transmission and said second electric motor are disposed
in order from a side closer to said internal combustion engine.

13. The hybrid driving unait as set forth in claim 12, wherein
said output shait passes through an inner peripheral side of
said power splitting planetary gear, said first electric motor,
said transmission and said second electric motor.

14. The hybrid driving unit as set forth in claim 13, wherein
said power splitting planetary gear comprises a single pinion
planetary gear train;

said 1nput shaft 1s coupled with a front side of a carrier of

said single pinion planetary gear train;

said output shaift 1s coupled with a sun gear of said single

pinion planetary gear train; and

said first rotor of said first electric motor 1s coupled with a

ring gear of said single pinion planetary gear train.

15. The hybrid driving unit as set forth in claim 13, wherein
said power splitting planetary gear comprises a single pinion
planetary gear train;

said 1nput shait 1s coupled with a carrier of said single

pinion planetary gear train on a side of the first electric
moftor;

said output shaft 1s coupled with a ring gear of said single

pinion planetary gear through a part between said power
splitting planetary gear and said first electric motor; and

said first rotor of said first electric motor 1s coupled with a
front side of said carrier of said single pinion planetary
gear through an outer peripheral side of said power
splitting planetary gear.
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16. The hybrid driving unit as set forth 1n claim 13, wherein
said power splitting planetary gear comprises a double pinion
planetary gear train;

said 1nput shait 1s coupled with a ring gear of said double

pinion planetary gear train;

said output shaft 1s coupled with a carrier of said double

pinion planetary gear train through a part between said
input shaft and said power splitting planetary gear; and

said first rotor of said first electric motor 1s coupled with a

sun gear of said double pinion planetary gear train.

17. The hybrid driving unit as set forth in claim 13, wherein
said power splitting planetary gear comprises a double pinion
planetary gear train;

said 1nput shait 1s coupled with a ring gear of said double

pinion planetary gear train;

said output shatt 1s coupled with a sun gear of said double

pinion planetary gear; and

said first rotor of said first electric motor 1s coupled with a

carrier of said double pinion planetary gear on a side of
the first rotor of said first electric motor.

18. The hybrid driving unit as set forth 1n anyone of claim
1, wherein said transmission comprises a planetary gear.

19. The hybrid driving unit as set forth in claim 18, wherein
said transmission comprises at least four shifting elements, a
first shifting element of said at least four shifting elements 1s
coupled with said second rotor of said second electric motor,
said second shifting element of said at least four shifting
clements 1s coupled with said output shaft and said transmis-
s1on comprises braking elements which are capable of fixing
third and fourth shifting elements of said at least four shifting
clements to said casing member, respectively.

20. The hybrid driving unit as set forth 1n claim 18, wherein
said planetary gear of said transmission comprises a Rav-
1gneaux type planetary gear and a carrier of said Ravigneaux
type planetary gear 1s coupled with said output shatt.

21. The hybrid driving unit as set forth 1n anyone of claim
1, wherein one of said first and second electric motors 1s a
device heavier than said power splitting planetary gear and
said transmission.

22. The hybrid driving unit as set forth 1n claim 1, wherein
supporting members extending from said casing member
support both sides of said rotor of said one of said first electric
motor and said second electric motor disposed 1n the rearmost
end through an intermediary of bearing members; and

said mounting section 1s provided between a front support-

ing member and a rear supporting member.

23. The hybrid driving unit as set forth 1n claim 1, wherein
supporting members extending from said casing member
support both sides of said rotor of said one of said first electric
motor and said second electric motor disposed in the rearmost
end through an intermediary of bearing members; and

said mounting section 1s provided at a position on a rear

side of a rear supporting member among said supporting,
members.

24. A vehicle comprising an internal combustion engine,
hybrid driving means and rear wheels as driving wheels to
which driving force 1s transmitted from said hybrid driving
means,

wherein said hybrid driving means 1s said hybrid driving

unit described 1n claim 1; and

said hybrid driving unit 1s disposed such that the input and

output shaits on the axis are longitudinally disposed
substantially on a same axial line with a propeller shait
as said internal combustion engine 1s disposed on a front

side of the body.




	Front Page
	Drawings
	Specification
	Claims

